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Wireworms as Cane Pests in Hawaii. 

Hy ( ). II . SvvEZKV. 

A recent iiv;esti^ation ( A])ril, P^2(), ) in the cane fields at Jlonokaa Sugar 
Co., demonstrates that wireworms may become serious cane pcsts under certain 
circumstances. 

^\’ireworms are tlie more or le.ss cylindrical larvae of the Elateridae, a family 
of beetles commonly called click-beetles, skip-jack and snapbtigs. The t)articular 
species here concerned is M onocrepidius c.vul Sharp. It has long been known 
in the Hawaiian Islands, and is an immigrant insect first described from New 
Zealand, where it was also an immigrant, probably having come from Australia. 

d'his insect first crime to our attention as of economic importance as an enemv 
of the cane borer, its larvae being found to prey on the grubs and pupae of tlie 
borer, b'or an account of this see IManters' Record, 111, ])p. 7-9. 1910. 

.’\ few years later when the . hionuila grubs were so abundant in certain fields 
of Honolulu Idantation and ( )ahii Sugar Co., wireworms of this species were 
also found among them and were considered of some \alue as a predator on the 
Auomala grubs. (See Planters’ Record, W*, ]). 345, 191(). ) Wdien kept in close 
confinement with grubs in soil, a wireworm was found to eat one or more of the 
grubs daily. As the wireworms have a long period of growth, one of them would 
account for the destruction of a large number of Anomala grubs in the course 
of its lifetime. There is no doubt but what it is also to some extent ])redatory 
on the grubs of the Japanese rose beetle, and many other insects, in fact t)er- 
haps taking whatever it can find in the soil suitable to its taste. 

From the observations thus far made this insect was considered beneficial 
on account of the predacious habits of its larvae. The larvae also arc of a dif- 
ferent type of structure (see the accompanying figures) than the wireworms 
which have been known to be destructive to plants or the roots of plants. These 
latter wireworms are more cylindrical, and the posterior end of the abdomen 
more pointed. We have one such here, SimodactyIns Annamomeus (Boisd.), 




MONOCEEPinnS KXIL (WIKEWOUM). 

Fig. 1 — Full grown larva, side view. Fig. 2 — lender surfare of head. Fig. 3 — Fpper sur- 
face of terminal spoon-shaped segment. Fig. F -Adult beetle. 

a larger species than M. exul, but its larvae have not attracted particular atten- 
tion by b^itig abundant enough to produce noticeable injury. 

In the investigation of reported injury by wirevvonns at Honokaa, they 
(M. exul) were found in fields of all kinds of conditions: in stubble where cane 
had recently been harvested ; in fields of about half-grown cane ; in fields being 
plowed ; in fields being planted ; and in fields that had been recently planted, i. e., 
one week to two months. These fields were situated in the upper part of the 
plantation, mostly above the government road and extending to the upper limits 
of the plantation. 

The injury done by the wirewornis is the burrowing into and eating of the 
eyes of seed cane before they have germinated, and also eating into and destroy- 
ing the tender new shoots which have just started. One to several eyes may be 
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eaten out on the same seed piece; sometimes all of them are, the wireworms pene- 
trating even beneath the leaf-sheaths, when present, to find the eyes. The de- 
struction of so many eyes and young shoots makes it necessary for a great deal 
of replanting, later on, to obtain the desired stand of cane in the field. Where 
several hundred acres are involved, the expense of this replanting will amount to 
considerable. 

In most of the fields examined, the larvae or grubs of the Olinda beetle 
(Pantomortis fullcri) were also found present, in about equal numbers to the 
wireworms. From our previous knowledge of the predacious habits of this wire- 
worm, it is to be inferred that their presence in the cane fields at Honokaa is 
primarily as a predator on the grubs of the (31inda beetle. W'hen these grubs 
are not available, or have all matured, or been consumed, the eyes and tender 
young shoots of the seed cane furnish attractive food for the wireworms. Where 
the greatest amount of injury was being done was in a field that had been planted 
about two months, and none of the grubs of the Olinda beetle were to be found. 
Either they had already all been eaten, or else had matured, for wherever these 
grubs were found they were nearly all full-grown, ready to pupate and complete 
their transformation to adults. 

The wireworms also were largely full-grown, and about one-seventh as many 
pupae were found as larvae in the soil, and in some places a good many adult 
beetles were found. I'or about a week the beetles had been coming abundantly 
to lights in the evening at the manager’s house. The indications were that there 
would soon be a considerable diminution of the wireworms in the fields on ac- 
count of their maturing. Hence, it would be likely that later planted seed would 
not suffer injury from them. It should be well started before another brood of 
the wireworms would come on or be large enough to cause much injury. How- 
ever, the life history, seasonal occurrence, etc., of these insects are not well known, 
and special study of them will be necessary to ascertain what bearing they may 
have on the time to plant cane to avoid wireworm injury. Further observations 
are also necessary to determine the relation of their occurrence to the presence 
of the ( dinda beetle larvae, and as to the inter-relation of the life cycles of the 
two insects. 

According to publication of investigations on wireworms in other countries, 
no successful method has been found for poisoning wireworms. Nevertheless, 
at Honokaa, some e.xperiments have been started with poison and repellents, 
both in a small way and in the field. Tests are also being made of closer plant- 
ing of seed in the row. so that even though a considerable number of the eyes 
.should be destroyed by the wireworms, there yet would be a sufficient number left 
to produce the desired stand of cane, without having to replant later on. 

Some fields of Faauhaii Plantation were examined and conditions as regards 
wireworms and ( )linda beetle grubs were found to be quite similar. 

Both of these plantations have previously reported injury to seed by wire- 
worms, but when visited by an entomologist at that time, not enough evidence 
could be found to determine definitely what insect was responsible for the injury. 
They had mostly matured or had disappeared for other cause. 
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WiREwoRM Injury to Seed Cane in Other Countries. 

Mr. Edmund Jarvis, in Entomology Bulletin No. 3, of the Queensland Bureau 
of Sugar Experiment Stations, page 17, 1916, reports wireworms ( Monocrepidius 
sp.) as injurious in some parts of Queensland. '‘In 1910 this pest inflicted serious 
damage to young cane recently planted on alluvial flats at Mackay ; and in the 
same year occurred very freely in the Central Isis district, where it was reported 
to be causing more damage than any other insect.” 

Mr. Jarvis gives the following brief extract from a letter by Mr. H. R. 
Hart, of Mackay, in September, 1915, which serves to illustrate the nature of in- 
juries due to wireworm there: “The worm attacks the eyes of the ‘sets’ imme- 
diately after planting, apparently feeding on the soft content of the eye, and then 
passing on to the next 'set,’ continuing sometimes from end to end of the field. 
I have known several cases where fields of cane have had to be plowed out and 
replanted from this cause ; and in my own experience I once planted a small field 
of about two acres three times with the same result.” 

Mr. Jarvis adds: “Apparently the ravages of this pest are of very local oc- 
currence.” 

It is possible that the wireworm of Queensland \ Monocrepidius sp.), men- 
tioned by Jarvis above, is the same as the one we have here (Monocrepidius exul). 

In Agricultural Report No. 1 (1916), of the Colonial Sugar Refining Co., 
Mr. Robert Veitch discusses injury to sugar cane “sets” by wireworms in I"iji. 
There the wireworm is the larva of a different species ( Simodaclylus cinnamo- 
tneus (Boisd.). This is a species we have in the Hawaiian Islands, but does 
not seem to become numerous enough for injury. Only an occasional specimen 
was found in the Honokaa fields. 

According to Mr. Veitch, the greatest injury is done in rich, alluvial flats, 
where the loss is commonly 40^^ , and goes as high as 75%, and even 80% has 
been observed. 

The most promising remedial mea.sure proposed there is: “When fields are 
known to be liable to wireworm injury it is advisable to make provision for fail- 
ures. This is best done by the continuous planting of a certain portion of the 
rows. If every fifth row is so planted there is provision for a twenty per cent 
failure, when the spacing in ordinary rows is fifteen inches from end to end of 
fifteen-inch sets. When required, the surplus plants should be dug out of the 
continuous rows and used to fill the blanks in the ordinary rows. This operation 
should be carried out only when there is promise of rain, always bearing in mind 
that the earlier it is done the more even will be the stand of cane. New ‘sets’ 
should not be used to fill blanks in badly infested fields, as they are at once at- 
tacked by wireworms and many of them destroyed. If no rows have been planted 
continuously to provide for losses it is advisable to dig up a number of ordinary 
rows at the edge of the field and use their sets to fill the blanks in the other rows. 
Ttie rows that have been dug out can then be planted as a new block.” 

Experiments With Sodium Cyanide Against Wireworms in Corn in 

Nevv Jersey. 

Dr. Alvah Peterson, at the New Jersey Agricultural College Experiment 
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Station, has found that wireworms can be killed by the application of a solu- 
tion of sodium cyanide, but that it is a very expensive procedure, and requires 
the solution to be applied at the rate of more than 150 pounds per acre. The 
most satisfactory results of these experiments are given as follows,^ showing 
that they had to resort to crop rotation to meet the problem of wircworm control : 

“As a last attempt to kill wireworms with sodium cyanide a number of hills 
of corn, heavily infested with larvae and in an untreated section of the field, 
were uncovered with a hoe on June 5 and about one quart of water, in which 
sodium cyanide was dissolved at the rate of 300 pounds per acre, was poured 
upon the larvae within each hill and then immediately coverecl with soil. The 
same treatment plus an equal amount of ammonium sulfate was also tried on 
a number of infested corn hills. These hills were examined on June 11 and all 
the larvae found dead, 15 to 40 to the hill. This drastic method of treating 
hills is apparently very effective, yet even in this treatment some of the larvae 
may have been repelled by the sodium cyanide which we do not know of. The 
results of this experiment show that it is possible to kill wdreworms if one uses 
large doses of cyanide and applies the material directly upon the larvae. 

“In conclusion it can be said that wireworms can be killed wdth large quanti- 
ties of sodium cyanide, but the amount necessary to bring about a satisfactory 
control makes this method of soil treatment too expensive for ordinary use in 
the field. 

“Since we were unable to control wireworms satisfactorily wdth sodium 
cyanide at the Orange City Poor P'arm. a system of crop rotation designed to 
meet the j)roblcm of wireworm control w’as worked out by Dr. Headlee and 
Mr. Quinn, which will be put into operation during the coming season.’' 


A Popular Description of Cane Sugar Refining.* 


By H. C. W'elle.^ 

No doubt most cane sugar manufacturers and beet sugar producers think 
of the business of sugar refining much as I formerly did, — namely, that sugar 
is sugar, that refinement into the wdiitc product is only a simple step further 
from its extraction from the sugar-producing plant, and that the real essential 
in the whole process from extraction to the breakfast table is that part that 
leaches from the plant its burden of sweetness and puts it into a crystallizable 
condition. Having been one of the host of beet-sugar workers of the Western 
States for many years, with a somewhat detailed knowledge of the troubles 
and development that that industry had gone through to its present high state 
of technical perfection, my belief was firm that the procedure of the refine- 
ment of raw cane sugar, — clean, unifonii, fragrant, 96% pure, crystallized cane 
sugar. — must indeed be child’s play, almost beneath the dignity of beet-sugar 
pioneers ! 


1 38tli Annual Report New Jersey State Agricultural Experiment Station, 1917, p. 479. 
* Presented at a special meeting of the Hawaiian Chemists' .Xssociation, April 17, 1920. 

2 Chief Chemist, California and Hawaiian Sugar Refining Company, Crockett, California. 
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We all have our blasted visions some time in a lifetime, and I must confess 
that one of mine flashed before my eyes a short time after my initiation into the 
sugar refining business. For, what !• found there, gentlemen, was not the pic- 
ture of simplicity that I had imagined. I found it could not be designated truth- 
fully with the scornful term of “laundry,” as christened by the Louisianans ; but 
instead, I began to realize that it was a wonderful, involved, complex work, that 
staggered one with its magnitude of quantities, difficulties, exactions, capital at 
stake, and possibilities of development. 

The art of cane sugar refining is a web of complications, so finely drawn 
that they are never heard of by the layman and seldom by the raw sugar pro- 
ducer. Before giving you a brief description of the consecutive steps of the re- 
fining operation, I shall dwell upon just two of these details as illustrative of 
my meaning. 

Glucose, to a beet-sugar producer, is an unknown substance in his opera- 
tions, and therefore an ignored and uninteresting one. You cane sugar manu- 
facturers are wiser than that, and no doubt have your joys and griefs with this 
sugar. But I wonder if you realize its importance to the refiner, at least to a 
refiner of an alkaline house, where its slightest disintegration in an alkaline 
medium means a darkening of the immaculate liquors required for the high- 
grade product demanded by a more and more exacting public ; or, whose decom- 
position (and consequent acidifying of the alkaline liquors) invites a further 
addition, to prevent inversion, of more lime— -lime, a mineral osh, a directly 
added impurity, every bit of excess of which means an increase of non-sugars 
entering into the immobilization of crystallizable sucrose, (ilucose is the great 
essential for the production of the beautiful golden .soft sugars of commerce, 
but its slightest abuse gives a dirly-iooking. red, unmarketal)le ] product instead. 

This is just one of the many .snares that foul the refiner’s path, and I men- 
tion briefly the complication of the presence of glucose becau.se it is a subject 
ll.at you are well familiar with yourselves. And further, 1 venture to say that 
many of your troubles of manufacture are also ours to a moilified or exag- 
gerated degree. For, although the great variations between rii)e cane and green 
cane, or sound beets and decayed Vjeets, are not experienced in our raw ])roduct, 
the slighter variations of raw sugar as our raw ])roduct subject us to the same 
difficulties. Sugar producers' or refiners’ troubles originate, not from the .sucrose, 
but from the non-sucrose, and as refineries are built for the handling of raws 
of normal non-sugar content, any deviation therefrom, although measured in 
small percentage, affects operations ju.st as much and just as aggravatingly and 
expensively as the wider variations experienced by the producer of sugar from 
the plant itself. 

You have all heard, time and again, of the damaging influence of ash and 
sulphates in refining operations — I should say. that you have really only heard 
whisperings about the.se obnoxious ingredients of raw sugar, for to really be 
able to understand the viciousness of the trouble resulting therefrom, you must 
actually be in the midst of the refinery battle against this enemy. But, as you 
have heard the subject .spoken of off and on before, I shall dwell on it no longer, 
but shall mention only one more difficulty before proceeding to a brief descrip- 
tion of the process of refining. The difficulty of which I now speak will prob- 
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ably be of more interest than the subject of ash and sulphates, because lack of 
understanding has very largely kept the subject out of print. Serious though 
it is, — more serious than is generally recognized, because, first, numerous re- 
finery troubles are due directly to this, but not realized; second, if realized, are 
not run to ground. I refer to iron — something that has no interest to the raw 
sugar producer, but is of the most vital interest to the refiner. 

Every schoolboy entering the sugar business reads in any sugar text book 
that he picks up that iron in liquors makes gray sugars, and then forgets all about 
it, because, without explanation as to where it comes from, what form it is in, 
how to remove it or kcej) it out, or how it injures sugar, it naturally seems more 
like a superstition or guess than a truth. However, it is far from being a super- 
stition — it is, rather, a very aggravating truth that becomes very vivid in re- 
fining operations whenever it ap{)ears. The difficulty in dealing with the matter 
lies in the fact that the iron, which enters the refinery in the raw sugar itself, is 
not in the familiar precipitable form which is so often encountered in minerals. 
On the contrary, it is organically combined to form a soluble salt which is not 
decom])osed and precipitated by any of the ordinary ])recipitants of iron. Ordi- 
narily, the iron will indicate its ])resence in the liquors by their darkening rapidly 
after char-filtration. The most serious immediate result is rapid darkening of 
the soft yellow sugars, which, although having the proper shade of color when 
manufactured, often are greatly changed in appearance by the time they reach 
the trade. Barrel syrup is afiected in the same way. 

.As the art of refining is now practiced at Crockett as well as in the East, 
we find in actual ojieration with Hawaiian sugars that the intensive char-filtra- 
tion first seems to disintegrate the iron organate. with the result that the organic 
radical is absorbed and held by the char while the iron is liberated and remains 
susi)ended in the li(jUor in a semi-collodial condition. The great amount of sul- 
phates in the Hawaiian sugars are found to very quickly (within one month) 
saturate the char uj) to its selective capacity for sulphates, and these, in turn, 
break down Minder the infiuence of heal during the char regeneration period) 
into a relatively large sulphide content. The result, chemically, is obvious — the 
semi-colloidal iron in the liquors, coming in contact with excess sulphides of the 
bone-char, results in semi-colloidal black sulphide of iron which contaminates 
the best liquors in the plant by making them \ery smoky in appearance, giving 
the white massecuite a black cast, <legrading the granulated sugars, and, worst 
of all, positively ruining the yellow soft sugars. 

( )f course, the actual percentage of the objectionable iron is extremely small, 
but those of you familiar with the colloidal sulphide of iron know that a very 
little goes an extremely long ways. It only serves to illustrate the difficult fac- 
tors involved in refinery work. In this instance, in order to carry the work to 
ultimate refinement, the e.xtremely small amount of iron had, of course, to be 
removed. Although a new problem to us, it is gratifying to be able to say that 
we managed to do this in a comparatively short time and we anticipate no more 
trouble from this source. 

Having gone to some length in mentioning the nature of the careful refine- 
ments necessary for successful work, you may be interested in now hearing just 
what the procedure of the refinery is. 
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First, however, let us consider the question: What is refined sugar? 

Refined sugar, as we know it, is the result of the developed esthetic taste 
of people of the present age, and as long as humanity continues to develop that 
way, the refining of sugar will continue to live, and must continue to develop. 
People persist in wanting the best, the purest, the most beautiful, whether it be 
on their bodies, before their eyes, or in their stomachs. Refined sugar comes from 
the raw, impure, crystalline sucrose product, which has been melted, has had 
the maximum quantity of impurities removed by filtration, decolorization with 
bone-char (which is still considered the most efficient medium for the purpose), 
and re-crystallization into pure white sucrose crystals of, practically, 100% 
purity. What other food product is there that has such a degree of refinement? 

Refined sugar, as the term is usually understood, is distinguished from white 
beet sugar or white plantation cane-sugar in that the latter two are produced 
from the raw liquors directly extracted from the beet or cane, with a partial 
process of purification, without, however, having the maximum amount of ob- 
noxious coloring matter and odor removed as is the case in the refining of raw 
sugar by means of bone-char. 

Sugar refining is, as most other industries, a gradual development to meet 
the demands for a finer product. Although it seemed to reach a stage of self- 
content which was maintained for many years, it undoubtedly is again beginning 
to make strides ahead in all parts of the country, and, we believe, particularly 
in the West. 

You all know how we receive the raw sugar — in burlap bags approximately 
125 lbs. net in weight, some soft and some exasperatingly hard, much good sugar 
and some not so good. All of it is trucked over scales presided over by one rep- 
resentative for the planters and one for the refinery. Each truck holds five sacks, 
and a sample from each fifth sack is composited in covered sample cans corre- 
sponding to the mark sampled, the samples being taken by a tryer to the middle 
of the sack. When the ship is unloaded, these cans are taken to the sample room, 
where the samples are thoroughly mixed by the representatives of both parties 
and divided into four parts, one going to the refinery laboratory for analysis, 
one to the laboratory of the A. A. Browm Co. in San Francisco for analysis, a 
third being held for referee analysis if necessary, and the fourth going to the 
refinery laboratory for the physical tests, such as we have been sending to the 
Islands for the past couple of years. To insure accuracy, all tests are made in 
duplicate, the instruments of precision always being tested by means of govern- 
ment certified standards before each lot of tests. The actual weighing of the 
raws received is controlled, checked and reported through a system of great 
detail under the control of a special department of weights and measures, the 
fundamental basis of which is the use of weights standardized and certified by 
the government. The bags of raw sugar are carried into the refinery on endless 
conveyors and belts, to the cut-in station, where they are discharged onto a long 
receiving table. Laborers here open the bags and dump the contents through 
a grating into the raw sugar bin, holding, when full 1500 tons, or approximately 
one day^s run with our present equipment. The magnitude of this work alone 
will be more vividly realized by* understanding that this means 24,000 bags every 
16 hours (this work being confined to two shifts), or 25 bags per minute. Ob- 
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viously, under these conditions, caked raw sugars hamper the work of this sta- 
tion greatly. Ordinarily, the cargoes are stored temporarily in the warehouse, 
from which a number of different marks are fed into the refinery at the same 
time. If one of these marks should be badly caked, the cut-in station will, of 
course, have its difficulties, but the operation of the plant as a whole may con- 
tinue in a normal manner by sending in a greater proportion of the softer sugars. 
In a time of slow shipments, however, such as the present season, most of the 
sugar must, necessarily, be sent directly from the ship to the cut-in station. If, 
then, a preponderating mark of the vessel is badly caked, the conditions at the 
cut-in station become so very severe that the capacity of the plant is greatly 
reduced unless a large excess of labor is employed and a necessary disregard is 
observed towards saving the empty bags in an undamaged condition. Very large 
shipments have been received in such a condition this year that the conveying 
apparatus has been injured, and heavy mauls have been required not only to 
break the sugar sufficiently to remove it from the bags, but also to force it through 
the grating of the sugar bins. 

The empty bags are now sent to the bag laundry, where the adhering sugar 
(approximately 4 tons per day) is saved in the form of sweet-water. The raw 
sugar is removed front the bottom of the bin, elevated to the ninth, or top, floor 
of the melt house, and is there continuously discharged into two minglers. 

The refining operations begin at this point, for as the golden stream of raw 
sugar pours down the chute from the top of the elevators, it falls directly into 
its first bath. The cleansing begins by the sugar being mixed, in what is termed 
the mingler, with a mixture of water and wash syrup, the latter resulting from 
this same procedure earlier in the day. This mixture with water and cold wash 
syrup (technically termed “afimation syrup") results in a magma of 90° Brix 
cold. The latter is discharged into a mixer on the floor below, from which it 
is drawn into centrifugal machines. The object of this procedure is two-fold: 
first, to provide suitable means for washing the raw sugar, and. second, to soften 
the enveloping molasses of the raw sugar to a sufficient degree to facilitate its 
removal. 

Twenty-two direct connected, electrically driven V’atson-Laidlaw 48" cen- 
trifugal machines (the last word in this type of machinery for the purpose) are 
employed for the purging of the affiliation magma, and it is expected that these 
machines will handle 22(X) tons of raw sugar per day. The machines are open 
at the bottom, and are .self-tiumping. the discharge being 710 pounds of washed 
sugar. They are loaded five seconds after starting, while running at a speed 
of 230 K. P. M. In 23 seconds the machine is completely loaded and running 
at a speed of 6.30 K. P. M. During the next 43 seconds the machine has acquired 
its full speed of 870 R. P. M.. and an average of 34 pounds of water in the form 
of an evenly distributed spray is then applied as a wash during the next 75 to 
90 seconds. Spinning is continued for 30 seconds, at which time the power is 
shut off and the machine stopped in two minutes, the charge of w^ashed sugar 
dropping out a moment before the machine comes to a complete stop. The self- 
dumping feature depends entirely upon the gravity of the sugar itself and upon 
the fact that the diameter of the basket is inch larger at the bottom than at 
the top. The result of this entire procedure of mingling and washing is to pro- 
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duce, by separation, a washed sugar of at least 99.0° apparent purity and an 
affiliation syrup of 80® apparent purity, from an original raw sugar of approxi- 
mately 97° apparent purity. As before stated, the rim-off from these centrifu- 
gals (affination syrup) is partly returned to the minglers to enter into the raw 
sugar magma. The balance of the syrup is sent to the char house for a special 
treatment which will be described later. 

The thoroughly washed light-yellow sugar now passes into a large storage 
bin ivith a long trough at the bottom running the length of the bin, in which it 
is mixed with hot sweet- water from another part of the plant. As it is mixed, 
it is conveyed to a discharging point where it runs into the melts on the floor below 
for completion of solution. 

Contrar}^ to expectations, after viewing the rather pleasing light-colored 
washed sugar, the washed sugar liquor of 62° Brix (at 80® C.) proves to be a 
brownish, dirty-looking liquid, colored and made turbid from the coloring matter 
in the crystals themselves and from the fiber and cush-cush hidden in between 
the individual crystals. Differences in the coloring content of various raw sugars 
is very apparent at this point, as would be expected when consideration is given 
to the fact that the crystals of certain Hawaiian raw sugars of e(jual polarization 
and purity contain from two to three times as much coloring matter as others. 
This is a very important matter to the refiner, for it means simply that the burden 
of the char to keep the production of white granulated sugars up to maximum 
with one char filtration is two to three times greater with certain sugars than 
with others of better grade. 

The washed-sugar liquor, having been limed continuously to a phenol- 
pthalein alkalinity of 0.003 to 0.004 as it passes through the mcliers. is pumped 
to the ninth, or top, floor of the char house, fierc it goes to the blow-uj) tanks, 
through which it passes as a continuous operation, getting its addition of kiesel- 
guhr at this point, its allotment of No. 1 renielt sugar liquor from the i)an floor, 
such steam as is required to maintain a temperature of 80° C., and sweet-water 
for final adjustment to the standard density. 

The use of kieselguhr to aid filtration is not new in beet sugar house j)rac- 
tice, but it has been extensively introduced into refinery work only during the 
last five years, and is the natural accompaniment of pressure cloth filtration. 
With the old system of bag-filtration (still largely in vogue in F.astern refineries) 
the advantage of the use of kieselguhr was rather negative. W'ith the introduc- 
tion of pressure filtration of refinery liquors, however, entirely with the Sweet- 
land filter, the use of some such filtering medium as kieselguhr became an im- 
perative matter to insure its success. In fact, it can be safely stated that, as far 
as our present knowledge goes, clear cloth filtration of high density raw liquors 
through pressure filters could not be accomplished in an economical way without 
the use of kieselguhr or some other such material yet to be discovered. 

As the use of kieselguhr is, I think, a subject foreign to Island practice, a 
little description of it may be aproj)os. Kieselguhr is a diatomaceous earth, — 
that is, it is the deposit of myriads of microscopic skeletons of sea organisms 
of previous geologic periods. In Santa Barbara County of California it is mined 
in large blocks, brilliantly white, and is then worked down to a very light, fluffy 
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powder, capable of passing about 200 mesh. Microscopical examination will 
display many forms of the skeletons, all beautiful in design, but only the round, 
porous type are supposed to possess the characteristics required in sugar-house 
work. Chemically it consists of silica, between 80% and 85%, with calcium 
carbonate, aluminum and iron oxides, and organic matter as impurities. The 
diatoms are very porous, and for some reason, not clearly understood, they have 
a remarkable power of facilitating cloth-filtration of otherwise very difficultly 
filterable, gummy solutions. 

The washcd-sugar liquor, now having been ])repared with lime, kieselguhr, 
and heat, is picked up by centrifugal pumps as it leaves the blow-up tanks, and 
is sent through the Sweetland presses at a pressure rising gradually from 10 
lbs. to 60 lbs. The muddy brown washed-sugar liquor now appears again before 
us, as it runs from the f)resses in the form of a beautiful, sparkling, amber liquor 
of 62 lirix. for the first time really ap|>etizing in appearance. Fourteen of these 
j)resses are used for the filtration of the washcd-sugar liquor, each one capable 
of filtering the licjuor of from 1<)0 to l.^O tons of raws j>cr 24 hours. Interior 
sluicing is utilized in cleansing the cloths of accumulated mud, this procedure 
being necessary a])i)roximately every hour. Although accompanied by many 
discouragements during the introduction i)f these ])resses in our refinery, .suffi- 
cient lime ha< now elapsed to have clearly demonstrated that the use of Sweet- 
land presses is the greatest step in a<ivance in the fdtration of refinery products 
in many decades. An enormous saving in labor, effective maintenance of densi- 
ties, immaculate cleanliness, an<l, above all, positive assurance of sparklingly clear 
licjuors at all times, have confirmed to everyone’s satisfaction the wisdom that 
])rompted the installation. 

The filtered li<juor is now ready for the treatment that makes a refinery 
most distinctive in its operations from a beet-white or plantation-white sugar 
plant. 1 refer to the bone-char filtraticm which the litjuor enters upon soon after 
leaving the .'sweetland ])resses. 

i'or the sake of the uninitiated — ^l)one-char is made by heating the hardest 
bones ii] kilns out of contact with the air. The organic matter which is part of 
bones is thus charred to a black carbon. After breaking up into the required 
grist, washed, etc., it contains about 10' ; carbon, the bulk of the remainder con- 
sisting of the main mineral constituent of bones, calcium phosphate. In other 
words, we have now for use in the refinery, a black, hard, very porous material, 
of the size of fine gravel, con.sisting of a skeleton of phosphate of calcium, 
covere<l, in its most microscopic portiem, with animal carbon. This char has, 
together with many newly discovered vegetable carbons (one of the most perfect 
of which your own Mr. Feck is the inventor of), the remarkable property 

of absorbing the coloring matter of sugar liquors into its pores and retaining it 
there most tenaciously. 

This properly of bone-char is taken advantage of by the refiner for remov- 
ing the coloring matter of the raw sugar liquor, wdtich, if not accomplished, would 
make tlie manufacture of white cane sugar much more difficult and of a very 
unsatisfactory nature for the trade. 

The bones utililzed for this pur]>ose come from all over the world. A great 
deal of char in this country is manufactured from the bones collected in the 
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great slaughter houses of the middle West, but because of their having been 
through a boiling process they are inclined to produce a char somewhat low in 
crushing strength. Our experience would tend to indicate that the best bones 
for the purpose received on the Pacific Coast are those gathered on the great 
stretches of cattle lands of India. 

The char-filtration of refinery liquors and syrups, with the associated activi- 
ties of the pan floors, is such a very complex subject that it can hardly be touched 
upon in a paper of this scope. I think it will be necessary, therefore, to confine 
myself to a brief enumeration of the liquors and syrups put on to the char, those 
leaving the char, the pans boiled, the appearance of these products, and a de- 
scription of the final output. The details of rates of flow, routine of filtration, 
rendement of liquors, elimination of ash and organic matter and re-filtration, can 
hardly be described at this time. 

It must suffice, then, to state that the char house is divided into three parts, 
graded according to the quality of the char. No. 1 char being the oldest and 
therefore the poorest. No. 2 char being of medium quality, and No. 3 char being 
the best quality. The No. 1, or oldest, char is used solely for the first filtration 
of the Sweetland filtered affination syrup ( which, it will be remembercfl, resulted 
from washing the raw sugar in the Watson-Laidlaw centrifugal machines). 
This syrup has passed through the blow-up tanks and Sweetland presses (10 
in number) in the same way as w'ashed sugar liquor, but, because it contained 
most of the impurities of the original raw sugar, is a muddy, very dark syrup 
until it has passed through the Sweetland presses. It appears then at the char 
filters as a beautiful, sparkling liquor, of the color of dark port wine. 

The affination syrup, then, passes first over the No. 1 char, is re-fillered 
over the No. 2 char, and receives another char-filtration over the No. 3 char. 
In practice, it works out that this syrup receives about 3l4 char filtrations, the 
final result being an amber-colored liquor of about 90^ purity (an increase of 
lO points from the original aftination syrup), suitable for one pan of white 
granulated sugar, the syrup from the latter being used principally as the base 
for Golden C soft sugar. 

The No. 2 char is used for the filtration of ail the washed-sugar liquor, ])art 
of the granulated syrups from the white pans, and for the second filtration of the 
affination syrup. All of the char-filtered washed-sugar liquor produces white 
sugar; a considerable portion, being nearly water-white, is used for the i)roduc- 
tion of cube sugar and the confectioner's large crystals. 

The No. 3 char, having the fine.st cutting edge, is used for making the dark- 
ened granulated syrups and remelt sugars suitable for re-boiling into specialties 
and granulated, and also for giving the final refinement to the alfination syrup, 
so that it, also, will be suitable for white granulated. 

To summarize — the total number of products going on to char is 13, and 
the total number of grades leaving is 11. Of the latter, 7 grades go to the pan 
floor, the other 4 being returned to the char for re-filtration. Of the 7 grades 
of liquors going to the pans, 6 enter into the production of white sugars and one 
is used as a base for soft sugars. 

The char-filters are run on liquors for a period of approximately 30 hours, 
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the balance of the 73-hour cycle being taken up with sweetening off, washing of 
char, draining and blowing clown with air, emptying, and filling with fresh char. 

The licj[Uor gallery is largely the control point of the char house. It is here 
where the char-filtered li(|Uors are closely watched, and it may be said that if 
inspection shows an abnormal condition of the char-filtered liquor for any length 
of time, it can be taken for granted that practically the entire balance of the re- 
finery will encounter some difficulty later. The grading of the liquors, as they 
leave the char, according to purity and color, is conducted here, they being de- 
flected into one or other of the various troughs according to what use is to be 
made of them. 

W'hen the allotted amount of liquor has ])assed through the char-filter, it 
becomes necessary to sweeten-off the filter with hot water, the sweet-water being 
conducted to the evaporators on the second floor of the refinery for concentration 
to a thick syrup. The sweetening-off j)rocess is continued until purity te.sts made 
in the liquor gallery indicate molasses purity. The washing is then continued to 
waste until all remaining sugar and most of the mineral salts absorbed by the 
char have been washed out. The sugar remaining in this di.scarded water is 
such a small (juantity and is of such a low purity, because of the mixture with 
the washed-out impurities of the char, that it would be detrimental rather than 
beneficial to try to save it. 

l^eforc following the licjuors any further from the liquor gallery, it will 
be well to tell you what strenuous treatment the char goes through before being 
ready for another period of hard work. Notwithstanding that it has received 
a most thorough hot- water bath, so complete as to remove most of the mineral 
salts and organic matter absorbed from the liquors, it has with great persistence 
refused to give up certain other organic matter, such as the gums that have 
passed along with the .sugar from the day it was first expressed from the sugar- 
cane. I'hese gums, in fact, may be .said to have “gummed up the game” very 
completely by smearing themselves into the micro.scopic pores of the char during 
the filtration of the li(|Uors, and clogging them so effectually that, even after the 
thorough washing described, the char has but a fraction of its former efficiency 
in decolorizing any liquors that might then be passed over it. 

The universal custom for meeting this condition is to first pass the drained, 
but very wet. char through driers that partially dry it, and then through retorts 
of kilns heated by oil fires. The char, in passing through these char-kilns, is 
heated to from 700^" V. to 800® V, out of contact with the air. The result of 
this procedure is to char the gums obstructing the pores to carbon, without en- 
dangering the bone-char to possible destructive combustion. This phase of the 
process is most important, as upon it depends the future condition of the char 
(which is the most important single element in the refining), and ihereforCt also, 
the degree of excellence of the subsequent work of the refinery. The kilning 
of the char may determine either highly satisfactory general refining results, or 
it may completely demoralize the entire plant. The immediate control of this 
work is conducted by tests made in the liquor gallery. After the char leaves the 
retorts of the kilns, it passes through a greater number of smaller jlubes made 
of light iron for the purpose of cooling it. It is then fed down to the first floor^ 
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from where it moves by means of elevators and conveyors back into the cliar 
filters, ready for another period of active work upon the liquors. No char 
(valued at present at $180 to $200 per ton) is ever discarded except the im- 
palpable dust accumulated in the dust collectors, and that falling through a fine 
screen as it passes through the conveying system. 

To come back to the liquors which we left at the liquor gallery, after having 
passed through the char. The liquors are pumped from the troughs of the gal- 
lery, through copper pipes, to the various storage tanks of the pan floors of the 
refinery proper, as distinguished from the char house. The princii)lcs involved 
from this point on are the same as in all other modern sugar plants of the world, 
be they engaged in refining sugar, extracting sugar from the cane of the i)lanta- 
tions, or from the sugar-beet, namely, evaporation and crystallization through 
boiling under a reduced atmospheric pressure, separation of the sugar crystals 
from the mother-liquor by means of centrifugal force, and drying of the purified 
crystals through circulation of heated air. 

The best liquors leaving the char are practically water white, having an ap- 
parent purity of approximately 99.0^ to 99.5°, and these li(iuors arc used for the 
manufacture of the large-grained confectioner's sugar (Con A aiul Con AA, 
we call them) and for manufacture of cube sugar, so that we may truthfully 
say that the cube sugar on your table is as near to absolute purity as any com- 
mercial product made, except some so-called chemically-pure chemicals. In fact, 
it probably itself can be accepted as a so-called chemically-pure i)roduct. 

The next best grades of liquor, four in number, grade down gradually in 
color to a straw-colored No. 4 liquor, these all being the base for white granu- 
lated sugars. Itemized, then, the white sugars are as follows, the purities stated 
being in each case the ai)parent purity: 

1. Cube .Sugar— From 99.5^^ to 99.0° purity liquor — Syrup swung off. to 

No. 1 liquor tanks. 

2. Con A Sugar — From 99.5'' to 99.0° purity liquor — Syrup swung otT, to 

No. 1 liquor tanks. 

3. No. 1 Sugar — Four grades, all based on next best liquor from tlie char, 

called No. 1 liquor; with syrup from previous strike lioiled back, as 

follows : 

(a) lA Sugar — T^Vom No. 1 liquor straight, 98.?'' to 97.0° purity — 
Syrup swung off, 97.6 purity, called lA .syrup, to next strike. 

(b) IB Sugar — From No. 1 liquor and lA syriq) — Syrup swung off, 
97.0^ purity, called IB syrup, to next strike. 

(c) 1C Sugar — From No. 1 liquor and IB syriq)— Syrup swung off, 
96.5'^ ])urity, called 1C syruj), to next strike. 

(d) ID Sugar — From No. 1 liquor and 1C syrup — Syrup swung off, 
96.0^ purity, called ID syrup, sent back over the best grades of char. 

4. No. 2 Sugar — (Jne grade, from the next best liquor from the char, called 

No. 2 liquor, 97.0 ' to 94.5° purity — Syrup swung off, 92.0 i)urity, sent 

back to the best grades of char. 
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5. No. 3 Sugar — One grade, from the next best liquor from the char, called 

No. 3 liquor, 94.5° to 91.5° purity — Syrup swung off, 86.0° to 90.0° 
purity, sent back to the best grades of char. 

6. No. 4 Sugar — One grade, from the last grade of liquor used for white 

granulated, called No. 4 liquor, 91.5° purity, down to a color standard, 
the average being about 89.0° purity — Syrup swung off, 80.0° purity, 
sent to either the soft sugar pans or the remelt pans. 

From this it will be seen that we boil our white granulated sugars from 
seven distinct combinations of liquors and syrups, in a definite, predetermined, 
uniform system, conceived with the idea of getting a maximum granulated into 
the bag directly from the raw sugar, with a minimum production of remelt sugar. 
The sugars from all these pans are mixed together, dried, screened into the 
various grades through Newaygo and Wdiip-tap separators, passed over mag- 
netic ])ulleys to remove metal specks, and finally packed. The combination re- 
sults in a product perfectly satisfactory to the trade, all output first having to 
pass the critical eye of the Sugar Inspector, whose duty it is to reject any lots 
not, in his judgment, well within the grade limits, his judgment being final, re- 
gardless of any contrary views of the operating staff. 

The present pan ef|uipment for the production of white granulated sugars 
is as follows, all being coil pans and using both live steam at 60 lbs. pressure 
and exhaust at 12 lbs. pressure: 


Cube 1 — 6- foot pan 

Con A 1 — 12- foot pan 

(iranulated 4 — 14-foot pans 


Two more pans are to ])e installed this year, of the calandria type, 14 feet 
in diameter. 

Ihiring the latter pari of 1919, the ])ractice of seeding the granulated pans 
was instituted with very satisfactory results. The term “seeding,'’ however, is 
rather a misnomer. Contrary to the practice of seeding as used in the manu- 
facture of raw sugar by actually building uj) the grain introduced, into the pans, 
the refinery practice consists merely of concentrating the licpior to the point ap- 
proximating super.saturation and then drawing in a quantity of sugar dust ranging 
from a pint to a couj)lc of gallons. 

The quantity of sugar drawn in would seem to have little bearing upon the 
quantity ap|)earing in the proof, nor does the (juality of the introduced sugar 
appear to have the infiuence that might be expected uj>on first thought, in thal 
results have been ol)tained witli the coarser grades of sugar, as “seed,'’ as well 
as with the fine dust. Insufficient work has been done in the way of investiga- 
tion so far to he able to slate definitely just what the action is and what laws 
are followed, but from my more or less superficial observations I am forced* 
for the present, to an adoption of a theory that the pan graining is due to a 
shock from the sudden introduction of dry sugar into a liquor already super- 
saturated, and not to an actual building up of the introduced grain. The benefit 
derived from this practice is observed in the evener grain appearing in the pan* 
due to its more rapid formation. 
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The satisfactory production of yellow Soft Sugars depends upon the pres- 
ence of a maximum of glucose in the pan syrup, the proper depth of color, mini- 
mum of ash, minimum of iron organates, a fine grain, and a minimum pan tem- 
perature. To meet these conditions, syrup derivatives of affiliation syrup are 
used after a maximum of char-filtration, these syrups in one case consisting of 
the swing-oflf from the white granulated, boiled from the poorest liquor (No. 
4), for the darker grade of softs, and a higher purity affiliation derivative for 
the lighter grade. 

The soft sugars are, as you all know, the brown sugars of candy-making 
days, and are actually soft to the touch. On this Coast the two American re- 
fineries manufacture only three grades, Extra C, Golden C, and Yellow 1), grad- 
ing downward in color from a pale yellow to a rather dark vellowish-brown, 
respectively. In the East the market is much greater for such sugars, the re- 
fineries there beginning with a snow-white soft sugar, and grading down gradu- 
ally through 15 products to the low^est, somewhat darker than our Yellow 1). 
Our task in the West, then, is obviously much more exacting than what the 
Easterners have to contend with. Here we must use extreme care to get the 
exact shade of color at all times, whereas, in the Atlantic refineries, practically 
any shade of soft sugar that is produced will fit into some one of the 15 dif- 
ferent grades. 

Soft sugars, then, are crystallized sugars the same as granulated sugar, but 
with a definite amount of the mother-liquor, from which it was crystallized, re- 
tained on the surface of the crystals, the result being to make the marketed 
sugar alw^ays slightly moist. 

But the soft sugars are distinctive from granulated sugar in another way 
also, in a way that gives it the distinctive soft texture. Comparative inspection 
of a white Berry sugar and a soft sugar under the microscope will show a very 
striking difference indeed. The Berry sugar crystals will be seen to be sharply 
cut and distinct, and this sugar, if it had the same amount of mother-liquor ad- 
hering to it as the soft sugar, would still feel hard and sharp to the touch. 
The soft sugar crystals, on the other hand, will be noted, under the glass, to be 
cemented together in minute bunches — conglomerate grain. Under the influ- 
ence of a minimum temperature (at which softs are boiled, in contrast to the 
relatively high temperature at which white granulated sugars are boiled), the 
minute crystals first form, and then cement themselves together. W hen lightly 
pressed in the hand, this conglomerate crushes apart, giving the sensation of 
softness One pan, 10 feet in diameter, of the calandria type, is used for this 
work. 

To sum up — our refined output consists of the following products: 

(1) Cubes and half-cubes — Packed principally in barrels, half barrels and 
boxes. 

(2) Cubelets — Packed principally in barrels, half barrels, boxes and solid- 
packed cartons. 

(3) Con A — Packed principally in barrels, half barrels, and bags. 

(4) Con AA — Packed principally in barrels, half barrels, and bags. 

(5) Berry granulated— Packed principally in barrels, half barrels, and bags. 
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(6) Standard granulated — Packed principally in barrels, half barrels, and 

bags. 

(7) Coarse granulated— Packed principally in barrels, half barrels, and bags. 

(8) Powdered (from milled granulated) — Packed principally in boxes, bar- 
rels, and some bags. 

(9) Bar (from milled granulated) — Packed principally in boxes, barrels, 
and some bags. 

(10) Extra C — Soft sugar, packed principally in bags and boxes. 

(11) Golden C — Soft sugar, packed principally in bags and boxes. 

(12) Yellow D — Soft sugar, packed principally in bags and boxes. 

Under the present scheme of operation, our remelt sugar system is divided 

into two parts — in other words, we produce two sets of remelt sugar, three grades 
in each set. The first set, which we term our Regular Remelts, originates en- 
tirely from the boiled down syrups from the granulated and soft sugar pans; 
the second set, termed concentrated .Sweet-Water Remelts, originates from the 
evaporated Char Sweet-Water and other sweet-waters from various parts of 
the plant. W’e have, then. No. 1, No. 2. and No. 3 Regular Remelts, and No. 
1, No. 2, and No. 3 Sweet-Water Remelts; the No. 2 and No. 3 massecuite, in 
each case, passing through crystallizers before being purged. The object of the 
double system has been to keep products of essentially different uon-sugar con- 
stitution separated, although the apparent purities of each set are kept approxi- 
mately the same, as follows : 

No. 1 Rcmelt Mas.secuite 78° to 80" purity 

No. 2 “ “ 70° to 72° “ 

No. 3 “ “ 64^ to 66° “ 

All remelt .sugars are .sent back over the char. 

In concluding the de.scriplion of the boiling system, it may be of interest 
to YOU for me to state that, of all the massecuite boiled in the plant, about 
SS..sS is white sugar massecuite, 4.27^ .soft sugar massecuite, and 7.3^1 is re- 
melt massecuite. The output during the last month (March) was about 1375 
tons of white sugar and 63 tons softs per day. It is thought that with an ample 
supply of raws we will be able to maintain, with our present equipment, an out- 
put of about lf>00 or 1700 tons per day, and that the plant in 1921 will have a 
capacity of at least 2000 tons output. 

The final molas.ses, or “black-.strap,’' from the No. 3 massecuite, has an ap- 
parent purity, high according to your .standards, of 40° to 44'. It is this molasses 
which will eventually have to be used as the base for barrel syrup, if the trade 
should call for it, and it is expected that this will resolve itself into a very dif- 
ficult matter owing to the high ratio of ash to the other non-sugars of the Ha- 
waiian raws. At the present time, our entire output of molas.ses, some 15,000 or 
20,000 tons ]^er annum, is sold for the purpose of fermentation and distillation 
into alcohol. The extreme aridity of the U, S. A. has, however, eliminatetl any 
possibility of “profiteering** through this means, so it is obvious that a very im- 
portant question before us at the present time is, “How can we besf dispose of 
our molasses?*' 
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This is the story, very superficial indeed, of the refining of sugar. The in- 
tricacies of char-house practice; the manifold details of refinery control; the 
description of the great power plant ; the story of the many intensely interesting 
technical investigations, current and completed; the study of the warehousing 
and marketing of the product, — each of these could be talked about to a very 
much greater length than this long paper has already run, and it is only illus- 
trative of the enormous detail in the practice of refining. Some parts of it are 
so complicated, so deep, so very difficult to fathom, that I sometimes think 
we have fields ahead of us so vast as to make it seem possible that the next 
few decades will reveal to us more than all past history has so far taught us. 

The latter seems to have foundation in the fact that at last the individual re- 
finer is beginning to abandon his self-sufficiency, and is beginning to realize that 
a fair exchange of views and friendly treatment and relationshij) cannot but ])e 
instrumental in promotion and advancement of the industry as a whole and 
to each one in particular. 

The refining industry today recalls the days of secrecy surrounding the art 
of sugar-boiling. There are those here who no doubt remember the profound 
mystery that surrounded the old-time sugar-boiler, who fostered the mystery by 
prohibiting everyone, even the superintendent, from putting his foot on the 
pan floor while he was engaged in operating the pan. This custom, however, 
was a product of the su.sjficion and jealousy of the < )ld W orld and did not aj)- 
peal to the American spirit of initiative and demand for progress. W'heti. then, 
the American woke up to the fact that this was no mystery at all. that it was 
not the practice of magic, and that there was nothing in the sugar business, atiy 
more than in any other human venture, that could not be imj)roveil upon, the 
old-time sugar-boiler-mystic passed on quickly and completely. 

And thus, also, will the secrecy of sugar refining gradually give |)lace to a 
more enlightened policy. It is indeed gratifying to be associated with an insti- 
tution such as the California and Hawaiian Sugar Refining Co., wliich, develo|)ed 
by men bred and trained in the atmosphere of the br(>a<l-minded W est. is o])en- 
ing the doors of its refinery to the worbl and spreading its records for the in- 
spection of all eyes. Such policy is contagious. I am sure, and this is evidenced 
by the appearance of a more liberal policy in the ])ractice of other refineries 
also. Xo doubt, the policy of the closed <loor will soon be a matter of the past. 

And now our management has given further evidence of its clear vi>if)n 
by sending us here to open our eyes to the fact that there is more to our family 
than just little old Crockett, and for us to realize that it is not our refinery so 
much as it is yours. \\ c came as strangers to your lovely land, ha\ e been warmed 
by your great hospitality, and will surely leave again with regrets, and with the 
hope that we may soon be privileged to reciprocate in some slight degree at least. 
We hope that w^e may be honored by your pride in our establishment and accom- 
plishments in Crockett, as we are quickly learning to t^ike pride in yours here, 

W e have seen your “Liquid Sunshine,’’ the great helper to give what some 
poetic soul has termed your “Crystallized Sunshine.” May we not urge you 
to visit us in California that we may demonstrate our methods of producing that 
which we might (at the risk of overdoing the simile) call “Filtered Sunshine”? 
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Fertilization at Pepeekeo for Three Successive Crops. 

Pcpcckeo Experiment No. 2, 1916, 1918 and 1920 Crops. 


This experiment was laid out in 1915 by Mr. L. L). Larsen, and with slight 
modifications has been carried through three successive cro]>s. 

The cane involved was Yellow Caledonia, second ratoons for the 1916 crop. 
For the 1916 croj) the cxj^eiiment consisted of 13 ])lots. each 1;'6 acre in size. 
In 1914 all plots received a uniform application of 1,000 pounds per acre of 
com]>lete fertilizer, containing VV] nitrogen. 7^/ phosphoric acid and 4 j/ 2 % 
potash. 'I'he 4 X plots received no further fertilization, the 3 A plots received 
2(X) ]K)unds of nitrate of soda ])er acre in one dose <luring the second sea.son, 
the 3 F> plots received 4fX) ])ouih1s in two equal doses, while the 3 C plots re- 
ceived ])ounds of nitrate in three ecjual doses. 

J^'or the FMS and 1920 cro]>s eleven more ])lots of the same size as the orig- 
inal ones were added t(» the exoerinient. making twenty-four ])lots in all. and 
the nitrate of soda apjfiications to the .\. F> and V jdols were changed to 300, 
f»00 and jioiinds per acre, in one. two and three doses, respectively, in 1918. 
I'or the 193) cro]) the F> and C plots received the nitrate in two equal doses. The 


lb« Sugar 
ptrocft 

8 - 


pEfTTiuzER Results From Three Successive Crops. 
Pepeekeo Sugar Co. ExR2,i9i6,i9i6k 1920 crops 
The solid block cokimn represents about the ecanonic IMt in omounts of nltro9en to apply . 


1916 CROP 


1920 CROP 


TonsSuoor 

pcrocrc 

- 8 



100 131 162 19 3 

Pounds Nitrogen 


100 146 193 2 40 

Pnmds Nitrogen 


IT S 221 268 316 

Pounds Nitrogen 
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1918 crop received 100 pounds of nitrogen per acre during the first season. For 
1920 crop this amount was increased to 175 pounds of nitrogen during the first 
season. 

The results of the three harvests are given in the following tables: 

1916 CROP — YELLOW CALEDONIA, SECOND RATOONS. 


No. of 
Plots 

Treatment 

Total 
Lbs. of 
^ Nitrogen 

Yield 

per 

Acre 

1 

First Season 

Second Season | 

Cane < 

1 

Q. R. 

1 Sugar 

1 

1 

4 X 

i 1 

100 lbs. Nitrogen 


1 

1 

100 

52.3 

7.75 

i 

1 6.75 

3 A 

100 lbs. Nitrogen 

200 lbs. N. S. (31 lbs. N.) 


131 

56.3 ' 

8.20 

6.87 

3 B 

100 lbs. Nitrogen 

400 lbs. N. 8. (62 lbs. N.) 

1 

162 

58.5 ) 

8.38 

j 6.98 

3 C j 

100 lbs. Nitrogen 

600 lbs. N. 8. (93 lbs. N.) 


193 

60.7 

8.48 

' 7.16 


Reported in detail in Record Vol. XIV, page 299. 

1918 CROP — YELLOW CALEDONIA, THIRD RATOONS 


No. of 
Plots 


6 X 
6 A 
6 B 
6 C 




Treatment 



Total 
Lbs. of 
Nitrogen 

Yield i»er 

Acre 

First 

Season Second Season 

Cane 

Q. R. 

Sugar 

100 

lbs. 

Nitrogen j 

100 

39.6 

8.39 

4.72 

100 

lbs. 

Nitrogen 300 lbs. N. 8,(46 lbs. N.)j 

H6 

39.0 

H.32 

4.68 

100 

lbs. 

Nitrogen 600 Ibn. N. S.(93 lbs. N.)' 

193 

42.4 

8.21 

5.12 

100 

lbs. 

Nitrogen 900 lbs, N. 8.(140 lbs. N.)j 

240 

42.4 ; 

8.84 

4.79 


1920 CROP — YELLOW CALEDONIA, FOURTH RATOONS. 


No. of 
Plots 


Treatment Total 

It ..e 

y\M 

1 j>er 

Acre 

First Season 

; Second Season ’ Nitrogen 

i ('aue 

Q.R. 

Sugar 

6 X 

175 

lbs. Nitrogen 

175 

55.6 

7.42 

7.50 

6 A 

175 

lbs. Nitrogen 

j 30011)8. N. 8.(46 lbs. N.) 221 

i 59.5 

7.52 

7.94 

6 B 

175 

lbs. Nitrogen 

1 600 lbs. X. 8.(93 11)8. N.) 268 

60.<» 

7.68 

7.94 

6 C 

175 

lbs. Nitrogen 

[900 lbs. X. 8.(140 lb». X.) .31.') 

! 63.2 

7.88 

! 8.01 


NOTE: In second season fertilization the A plots received the nitrate in one dose, 

the B plots in two equal doses, and the C plots in three equal doses in 11M6 and 1918, and 
two equal doses in 1920. 

The results of these three harvests are fairly consistent, and, for the 
conditions involved, indicate the profitable limits of fertilization to be about 
200 pounds of nitrogen per acre. 

In the first crop, increases in yield were obtained to the limit of fertil- 
izer application, which was 193 pounds of nitrogen; in the second crop no 
increase in yield was obtained when increasing the nitrogen from 193 pounds 
to 240 pounds per acre, while in the third crop no increase was obtained above 
222 pounds of nitrogen. 
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Object: 


Location: 


Crop: 


Lavoiit: 


Plan: 


Details of Experiment. 

Second Season Fertilhation — Amount to Apply. 

1. To determine the profitable limit of second season fertilization. 

To note the effect continuous heavy a]»piication8 of nitrate of soda may 
have on the soil. 

J’epeekeo Sugar Co. field 17, on plantation road 42 lines from Government road. 
Yellow Caledonia, 4th ratoons, long. 

Number of jilots: 24. 

Size of i>lotM: 1/6 acre, consisting of 6 rows, 5.;>5 ft. w^idc and 216 ft. long. 

Fertilization: First season, uniform w-ith adjoining field. 

Second season: 

POUNDS NITRATE OF SODA PER ACRE 
1916 CROP 



Plots 

Plot Numbers 

April 1, 
1915 I 

May 15, 
1915 

July 1, 
1915 

Total 

X 


1, 0, 9, 13 

1 

j 


• • • • 


A 


2, 6, 10 

200 j 

.... 

.... 

200 

R 


7, 11 

200 

200 


400 

(’ 


■1, H, 12 

200 ’ 

i 200 

200 

600 



1918 CROP 





Plots 

Plot Numbers 

March 29, 

May 31, 

July 25, 

Total 




1917 

1917 

1917 


X 


1, 9, 1.1, 17, 21 





A 


2, «, 10, U, 18, 22 

300 



300 

B 


3, 7, 11, ir,, 19, 23 

300 

300 


600 

C 


4, 8, 12, 16, 20, 24 

300 

300 

300 

900 



1920 CROP 





Plots 

Plot Numbers 

March 1, 1919 j May 

15, 1919 

Total 

X 


1, !), », 1.1, 17, 

21 

j 



A 


2, 6. 10, H, 18, 

22 300 1 


300 

B 


3. 7 11, 13, 10, 

23 300 

300 

600 

0 


4, 8*, 12, 16, 20, 

24 4.10 i 

450 

900 


T. A. V. 
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A Sugar Cane Cancer-root. 

Acginetia indica Roxb. 


The accompanying photographs show groups of a curious little flowering 
plant which is parasitic on the roots of sugar cane in the Philippine Islands. 
This plant belongs to a family, the components of which have abandoned the 
use of chlorophyll, and steal their food from other plants by attaching them- 
selves to the roots of their hosts and drawing food materials directly from their 
tissues. Being dev oid of chlorophyll they are never green, but appear white, 
yellowish or brown, depending upon their age and condition. A few species are 
characteri.stically pink and red. 



SXTOAR CANE CANCEH-ROOT, AEGISKTIA JNDWA KOXB. 
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As a rule, plants of this family are rather scarce in nature, but this par- 
ticular species is said to be of frequent occurrence in cane fields in the Philip- 
pines, and in some cases cause serious damage. The plant body consists of a 
short, almost leafless and colorless stem which remains nearly or quite buried 
in the soil in close contact with the cane roots. From this stem there springs 
one to three long slender flower stalks, each bearing a single nodding flower 
which eventually yields a seed capsule containing many seeds. 

Unless this ])lant has habits not shared by its American congeners, it should 
be possible to eradicate it by the judicious use of the hoe. If the plants are not 
permitted to flower and seed they should entirely disappear from the fields within 
a few years. 

The photographs of this interesting plant, which we reproduce herewith, 
were supplied by Mr. C. R. Hemenway. II. L. L. 



SUGAR C ANE CANC'ER-ROGT, AKGINETIA JSt)lCA ROXB. 
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Badila Gives the Best Yield at Kilauea. 

Kilauca Experiment No. 19, 1920 Crop. 


This was a test comparing Badila, Yellow Caledonia and D 1135. The 
cane involved was plant, in a mauka, non-irrigated field. The cane was 19}^ 
months old when harvested, having been planted May 20, 1918, and harvested 
January 6, 1920. The experiment consisted of 48 plots, each 1/10 acre in area. 
The results of the harvest were as follows: 


Number of Plots. Variety, j 


Yield per Acre. 


Gain or Loss over 
Y. (\ Ghecks. 


j Cane. 

Q. R. 

Siifrar. 

Gnne. 

Kuj^ar. 

Twelve 

D 113o i 

20.5 

9.98 

2.05 

— 4.7 

— 0.82 

Twelve 

Yellow Cal.; 

25.2 

8.78 

2.87 



Twelve 

Badila ; 

21.9 

8.20 

2.67 

-f 0.8 

-f 0.27 

Twelve 

' Yellow Gal. i 

21.1 

8.78 

2.40 




In this test D 1135 proved to be distinctly inferior to either Yellow Cale- 
donia or Badila, producing less cane per acre, containing a niucli poorer juice. 

The Badila and Yellow Caledonia produced about the same amount of cane 
per acre, but the Badila juice was better, thereby leading the Yellow Caledonia 
by 0.27 ton of sugar per acre. 


Variety Test 
Graph snowmcticoonfaiu^ 

YELLOW CALEDONIA, HAOIU AND Dtl^S. 

Kilauea Sugar FIartation Cdl CwflSl iseocmp 
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Variety Test 

Map Showing The Yields By Plots Of 
Yellow Gile^nio. Bodila, And Dll 35. 

Kilouea Sugar Plantation G>. Exp.*19 . 1920 Crop 
rirsf l^ofoons 



38 

Y.C. 

39 

01135 

40 

Y.C 

41 

1)1135 

42 

Y.C. 

43 

Bodilo 

44 

Y.C. 

45 

B«dila 

46 

Y.C. 

47 

Bodilo 

48 

Y.C. 


26.12 

16.75 

23.32 

18.76 

2364 

22.86 

18.31 

19.72 

15.37 

19.05 

16.67 



27 

Y.C 

26 

DI13S 

29 

Y.C. 

30 

1)1135 

31 

Y.C. 

32 

Bodila 

33 

Y.C. 

34 

Bodilo 

35 

Y.C 

36 

Bodilo 


■ 

25.56 

16.91 

24.06 


22.53 

21.49 

23.34 

20.41 

I8X)4 

19.35 

13 

DII35 

14 

Y.C 

ts 

DU3S 

16 

Y.C 

IT 

01135 

18 

Y.C. 

19 

Bodilo 


21 

Bodilo 

22 

Y.C. 

23 

Bodila 

24 

Y.C. 

24.68 

27.03 

22.90 

2235 

16.73 

22.40 

21.81 


2639 

22.62 

24.37 

21.49 

ig 

2 

DII3S 


4 

Dtl3S 

jm 

6 

PII35 

Hi 

8 

Bodilo 

9 

Y.C. 

10 

Bodilo 


12 

Bodilo 

Discard 

22.02 


22.91 

25.67 

19.74 

23.81 

19.94 

23.65 

26.25 


21.09 


■SnWRT 


Ibiis Gmc p.Q. 


Summory Of Results 


TKof 

Variety 

, Yieli 

il» Ptr At 

;re 

Plots 

Cone 


suaar 

12 

DII35 

20.5 

9.98 

2.05 

12 

Yellow Caledonia 

25.2 

8.T8 

2.8T 

12 

Bodila 

21.9 

6.20 

2. 67 

12 

YellowColedonM 

21.1 

8.T8 

2.40 


In planting, l^adila luxly seed was used and spaced 5 inches The Yellow 
Caledonia was from good lop seed planted end to end, while the D 1135 had 
both top an<l body seed, planted end to end. The Caledonia came up to a better 
stand, and closed in before either of the other two, the Hadila being a poor third 
at that time. Notes made on April 24, 1919, place Yellow Caledonia first, D 1135 
second, and Hadila third, while on June 16. 1919, Hadila was placed first, “be- 
cause. generally, it has controlled weeds better, and appears to have suffered less 
from drought.” 

In harvesting this experiment Mr, Thurston states that he could not find 
a single stick of Hadila damaged by rats,' while Yellow Caledonia and D 1135 
were quite badly rat-eaten: on the other hand borer infestation was very much 
heavier in the Hadila than in either of the other varieties. 


1 As against this, some Bndila just harvested at Waipio was very badly rat'Oaten, 
much more so than adjoining Cale<loiiia. 
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Details of Experiment. 

Object: 

To test tlio comparative value of the following varieties: Badila, I) 1135 and 
Yellow Caledonia. 

Location: 

Field 25. 

Crop: 

Plant Cane. 

Layout: 

Number of plots, 48. 

Size of plots, 1/10 acre (54'x80.7'), each plot consisting of 12 straight lines 
(4.5'x80.70. 

Plan : 

Variety. No. Plots. Plot Numbers. 


Badila 

12 

8 

10 

12 

19 21 

23 

32 

34 

30 

43 

45 

47 

1) 3135 

12 

•> 

4 

0 

13 15 

17 

20 

28 

30 

37 

39 

41 

Yellow Caledonia 

24 


3 

.5 

7 9 

31 

14 

10 

18 

20 

22 

24 



)2.-, 

27 

29 

31 33 

«>• > 

38 

40 

42 

44 

40 

48 


Fertilization uniform by plantation 

Experiment planned by J. A. X’erret and G. B. Cirant. 

Experiment laid out by (i. B. (jrant. 

Experiment harvested by R. S. Thurston. 

IJ.A.V.l 


Preventing Boiler Elxplosions.* 


By C. S. T«)MPKins. 

bVom a study of boiler explosions, which are of much loo frequent occur- 
rence, it is apparent that boiler inspectors are often tempted to allow loo higli 
working pressures, with the result that property and lives of the engineers, as 
well as other employees, are unnecessarily exposed io danger. 

An example of this practice is the boiler of a Minneapolis laundry, whicb 
exploded several months ago. The boiler in (juestion was of ibe return itilmlar 
type, 66 in. in diameter by 18 ft, in length. The shell steel was 7 F. in. thick, 
with a tensile strength of 55,000 lbs. The longitudinal scams were iriple-riveled 
butt joint construction, but, on account of having been damaged, the lower half 
of the sheet, directly over the fire, had subse<juently been replaced by wlnit is 
knowm a half-sheet patch. The longitudinal seams employed in making tins 
repair were of the double-riveted lap joint construction, and located below the 
hangers by which the boiler was sus])ende(l. The joints were thus ex[)osed some- 
what to the heat of the fire. 

The boiler, which, according to the insurance company’s records, was 15 
years old, was inspected regularly by the in.surance underwTiter’s in.sj)ector, ;unl 
was therefore exempted by the Minnesota .State law's from State inspection. 'Fhe 
insurance inspector allow^ed a maximum safe w^orking pressure of 110 lbs. 

Reprinted from Power Plant Kiigi nee ring. May 1, 1920. 
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Kijr. 1. 

Dcstriictiou caiisoil liy tyjiii-al l>oil(*r exjiloaion. 



Fig. 2. 

The toj> edge allows what was loft of a doohli' rivotod lap joint usod 
ill putting on a patrh. 
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The first step in the investigation was to test the safety valve, which was 
found to release at 110 lbs. Within 2 minutes prior to the explosion, the safety 
valve was known to have blown. The force of the explosion was sufficient to 
move the boiler 50 ft. from its setting and force it through a 3-ft. stone wall. 
A part of the boiler front was thrown nearly a city block. Figure 1 shows the 
boiler end projecting through the stone wall. Figure 2 shows one of the points 
of failure, the man’s right hand touching the original triple-riveted joint, and 
his left touching the remains of the lap joint. 

Paragraph 187 of the Boiler Code of the American Society of Mechanical 
Engineers, which is standard in Minnesota, reads as follows: The riveted longi- 
tudinal joints of a shell, or drum, which exceeds 36 in. in diameter, shall be of 
butt and double strap construction. This does not apply to the portion of a 
boiler shell which is staybolted to the firebox sheet. 

Paragraph 188 reads: The longitudinal joints of a shell, or drum, which 
does not exceed 36 in. in diameter may be of lap riveted con.struction, but the 
maximum allowable pressure shall not exceed 100 lbs. per square inch. 

Paragraph 189 reads : The longitudinal joints of a horizontal return tubular 
boiler shall be located above the fire line of the .setting. 

It will be seen that the inspector who allowed 110 lbs. in the example given 
was very liberal. A factor of safety of five would give a working pressure of 
105 lbs., and a further allowance should have been made for the patch. 1 Para- 
graph 188 ab.solutely forbids more than 100 lbs. working pressure. 

All engineers’ organizations ought to insist upon the adoption of the Boiler 
Code of the American Society of Mechanical Engineers, and a strict adherence 
thereto by inspectors. This would eliminate to a great extent the large number 
of boiler explosions which occur annually. (W.lv S.| 


Plantation Apprentices. 


By Donald S. Bowman. 

Industrial Sendee Bureau, H, S. P. A, 

It would seem from a study of the rural school population that the male 
youth of the plantations would more than furnish all of the skilled and semi- 
skilled labor demanded. That the plantation-raised boys drift away from their 
homes, largely owing to the fact that they see no future on the i)lantations, is 
realized by those who have given the subject consideration. 

Much has been done on the mainland in the big industrial centers along the 
lines of vocational guidance, and it has been advocated that this subject be de- 
veloped as a branch of our educational system. 
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Vocational guidance means helping the boy and his parents to consider his 
future occupation, and helping them decide what he is best fitted for in life and 
to take the necessary steps leading to his being properly placed where he may 
obtain the necessary training. 

This work should be undertaken by someone connected with the plantation, 
as it is necessary to do considerable work with both the boy and his parents in 
order that their interest and ambitions may be aroused. Full in fonnation should 
be at hand as to the various employments open to apprentices on the plantation 
and these facts presented to the most promising boys. It should be made plain 
to them that such work will be a real vocation with a future, instead of a job. 
This information should consist of the following: 

1st: The qualifications necessary to become an apprentice, li.sling the skilled 
and semi-skilled occupations. 

2d: The action to be taken in a])plying. 

3d : The length of service as an apprentice, and rate of pay. 

4th : Average pay of occupation, and other benefits. 

Sl’GGESTIONS. 

The educational campaign should he handled by the Industrial Service In- 
spector working directly under the Plantation Manager. 

That the interested hoys in the last two grades of the public school be formed 
into a class where they will he taught Ainericanism and the advantages offered 
on the plantation in the different skilled and semi-skilled trades. 

The Inspector’s work in connection with vocational guidance would include 
advice and direction, he to serve as a means of communication between the planta- 
tion management and applicants for apprenticeships, to collect required informa- 
tion as to the trades and the qualifications necessary, to make this and other in- 
formation available through classes conducted for that purpose, to assist pupils 
by laying out any necessary courses of study after they have become apprentices. 
After boys have been placed, and at least during their probation period, the In- 
spector should keep in close touch with them, offering advice, etc., and if a boy 
is found to he ill-fitted for the work, help him to .select some other occupation. 

The suggested trades and semi-skilled trades that could be filled by the ap- 
prentice system without special education, taking the hoys who have finished the 
eighth grade, would include : 

Steam luigineer Truck and Tractor Operator 

Pump h'ngineer Painter 

Gas Engine luigineer Carpenter 

Machinist Irrigation Worker 

Iffacksmith Stone Ma.soii and Concrete W’orker 

Sugar lioiler Fdectrician’s .Vssistant 

Steam Plow Operator 

It is apparent that many advantages will accrue through the development 
of the bovs horn and rai.sed on the plantation, but it is essential that the planta- 
tion, to obtain such desired results, should take an active interest. 
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A Machine for Cane Planting. 


From a correspondent in Australia we publish the following account of the 
cane planting machines in use there: 

“There are many types of cane planters used throughout Queensland, 'fhe 
one most commonly adopted is a box mounted upon wheels cajiable of holding 
about IjA to 2 cwt. of cut plants, ])laiits being cut into lengths containing 
‘eyes.’ This box has handles attached and a seat in the box for a boy to sit. 
At the end nearest the driver is an iron tube. Underneath on each side of the 
tube are two flat iron plates coming to a point in front of the tube. < )ne horse 
is attached to the machine. 

“The drills are opened by a drill or double inoldboarfl plow ^md the planter 
is then brought into the drill. As the machine is driven up the drill the hoy dn»ps 
his plants through the tube an<l the iron plates throw on the soil to cover them. 
Planting can be carried out uktc rapidly than by hand. Some four acres a day 
can be covered by the driver ami boy. The planting, of course, is not done .so 
carefully, as the plants fall in any position, and not with the eyes at the side, 
but the strike is satisfactory if the lx>y drops the plants regularly and not io(i 
fast. It is in common use in most of the sugar districts of Queensland, and has 
the advantage of putting the plants well dowm into the moisture during dry .spells. 
Its use is considered much more economical than hand planting. 

“Other types are patented and in use. Some of the.se are tlrays with the 
covering part hung underneath, so that a great many more plants may be carried 
to the field. They, however, re(|uire more horse power. The attached cut shows 
a patent of Willmans. 

“Most farmers, however, make their owm planters, or obtain the small ma- 
chine first described.” [W. P. A. 1 
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Factory Results in Java, 1 9 1 9.* 

1 Defecation | Sulfitation ‘ Carboiiation, 
j Factories | Factories Factories ; 

General 

Average 

Oane: 

Polarization 

I 

' 12.10 

12.49 

12.84 ' 

12.38 

Fiber 

12.98 

13.00 

12.99 

13.01 

Bagasse: 

Polarization 

4.04 

3.95 

4.06 

4.01 

Moisture 

47.11 

47.02 

46.64 

47.01 

Fiber 

47.411 

47.79 

47.79 

47.62 

Mixed Juice: 

Drix 

15.29 

15.68 

^ 16.02 

15.54 

Polarization 

12.50 

12.99 

13.36 

12.83 

Sucrose 

12.75 

13.13 

13.51 

13.00 

(iravitv Puritv 

83.5 

83.8 

84.3 

83.7 

Ci 111 cose 

1.13 

1.11 

1.03 

i.n 

Weight j>er 100 Pane 

87.82 

87.52 

87.48 

87.66 

Press Cake: 

Polarization 

5.25 

5.38 

0.79 

3.79 

WcMglit per 100 Pane 

1.74 

2.02 

5.98 

2.42 

Ssrrup: 

Brix 

.... *»*u^ f 

53.87 

55.02 

54.95 

Polaiization 

47.10 

45.96 

47.43 

46,70 

Sucrose* 

.... 47.57 

46.21 

48.05 

47.13 

(Iravitv Ihiritv 

85.3 

85.8 

87.3 

85.8 

First Massecuites: 

Brix 

91.94 

92.32 

92.79 

92.2 1 

A[)pareiit Puritv 

84.0 

81.2 

84.7 

84.2 

Second Massecuites: 

Brix 

92.97 

93.44 

93.68 

93.22 

Appj.reiit l^iiritv 

~7.(> 

77.1 

76.4 

77.3 

Third Massecuites: 

Brix 

94.52 

94.72 

95.23 

94.67 

A]»pari‘ii( Puritv 

. . . 09.0 

69.1 

70.3 

69.2 

Fourth Massecuites: 

Brix 

99.9b 

97.79 

96.98 

97.29 

A]»pnrent I*uritv 

59.4 

59.8 

57.4 

59.3 

Molasses Purities: 

First 

b4.5 

65.1 

65.8 

65.0 

S<*cond 

57.5 

56.7 

55.5 

57.0 

Third 

49.5 

48.4 

47.2 

48.9 


Sugars: 

Whlta Plantation: 


I'olnrizntion 

99.61 

99.59 

99.61 

Per eent of tiaal sugars 

36.29 

13..19 

49.88 


* From Anniinl Syiioj>M« of Mill Data, Experiment Station of the Java-Suikeriudustrie, 
averages from 14U da van faetories. 
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FACTORY RESULTS IN JAVA (Continued). 



Defecation 

Factories 

SulOtation 

Factories 

Carbonation 
Factories ' 

General 

Average 

Sugars (Continued): 





No. 16.-20 B. S.: 





Polarization 

98.42 


• • t • 

98.42 

Per cent of total sugars 

23.19 

.... 

.... 

23.19 

No. 14 D. 8.: 





Polarization 

97.33 

• .... 


97.33 

Per cent of total sugars 

23.38 

1 . . . • 

.... 

23.38 

Second Sugars: 

Polarization 


98.39 

98.27 

98.34 

Per cent of total sugars 

.... 

. 1.09 

0.92 1 

2,01 

Molasses Sugars: 

Polarization 

85.76 

! 

, 86.91 

1 

87.81 1 

86.48 

Per cent of total sugars 

0.52 

0.34 

0.17 

1.03 

Black Stroop: 


i 



Polarization 

81.88 , 

81.57 

83.36 ' 

82.15 

Per cent of total sugars 

0.23 i 

0.15 

0.13 . 

0.51 

Final Molasses: 



1 


Brix 

91.93 

93.02 

91.67 

92.34 

Sucrose 

33.62 

33.32 

32.74 j 

33..39 

Gravity Puritv 

36.6 

35.8 

3.5.7 

36.2 

Glucose 

27.65 

28.,39 

25.76 1 

27.65 

Ash 

9.96 ! 

9.59 

9.22 ; 

9.72 


IK.S.N.I 


Analyses of Cuban Sugars.* 

Results for Nineteen Years as Obsen'ed at One Refinery. 


By W. D. HokNK. Ph. 1). 

In the accompanying table i.s given a set of average analyses of C uban cen- 
trifugal sugars received during the past nineteen years at one of the Atlantic 
seaboard refineries. A careful study of these analyses shows that for the past 
few years the Cuban sugars r»f this class have averaged a little ab^ve ^)3.5 polar- 
ization, about 0.6 per cent ash, about 1.3 per cent glucose, and a trifle less or- 
ganic matter. The moisture content has been a little more than 1.1 per cent. 

(j(K)n Ql alitv Maintainki). 

These figures are fairly satisfactory, indicating the composition of a sugar 
which keeps well in storage and which can be refined with satisfactory results. 
It is particularly gratifying to note that in the effort to produce vast (juantities 
of sugar Cuba is. as a rule, maintaining a satisfactory quality in the product. 
Refiners are becoming more di.scriminating in regard to the refining character 
of the sugars purchased and are closely watching the individual marks, with the 
result that those estates producing sugars most advantageous for refining have 
the greater demand for their output. 

* Facts About 8ugar, March 20, 1920. 
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AVERAGE ANALYHEB OF CUBAN CENTRIFUGAL SUGARS. 


Year. 


1 Polariza- 
1 tion 

Glucose. 

j Water. 

1 

Ash. 

j Organic 
Matter. 

1901 


94.00 

1.88 

' 1.74 

0.50 

1.88 

1902 


94.36 

1.75 

! 1.43 

0.58 

1.86 

1903 


95.09 

1.22 

' 1.59 

0.51 

1.59 

1904 


94.37 

1.57 

1.47 

0.56 

2.03 

1905 


95.00 

1.45 

1.37 

0.60 

1.58 

1906 


94.76 

1.39 

1.43 

0.67 

1.75 

1907 


95.02 

1.21 

1.39 

0.67 

1.71 

1908 


94.97 

1.15 

1.20 

0.69 

1.99 

1909 


95.31 j 

1.26 

1.21 

0.59 

1.65 

1910 


95.23 

i 1.22 

1.33 

0.66 

1.56 

1911 


95.57 

1.18 

1.18 

0.68 

1.39 

1912 


95.65 

1.28 

1.13 

0.58 

1.36 

1913 


95.48 ! 

1.28 

1.30 

0.60 

1.34 

1914 


95.79 

1.20 

1.10 

0.61 

1.30 

1915 


95.89 

1.31 

1.02 j 

0.56 

1 1.22 

1916 


95.52 

1.47 

1.10 

0.67 

1.24 

1917 


95.80 

1.27 

1.13 i 

0.54 

1.26 

1918 


95.43 

1.28 

1.32 I 

0.58 

1.39 

1919 


95.64 

1.37 

1.15 

0.57 

1.27 


IR.S.N.] 


Sugar Industry of Philippine Islands.^ 


By J. F. K(h»mer. 

The ffrowiiip of sugar cane and the manufacture of commercial sugar are 
two phases of an industry in the I’hilippine Islands which should be of great 
interest to American manufacturers. W hile the growing of cane is purely an 
agricultural (jiicstion. it has come into great prominence in latter years, since 
modern agricultural machinery has become more and more a factor in the sugar 
industry. Up to date, however, capital has been more profitably employed in 
the manufacture of commercial sugar, and at the present time more inviting op- 
portunities are offered in this field than are held out in the sale of agricultural 
tnachinery. The manufacture of centrifugal sugar requires large investment, 
and while a few individual planters have established small mills on their hold- 
ings and in some instances groups of planters have banded together for the 
establishment of larger mills, tlie tendency in the islands is toward the separa- 
tion of the agricultural from the manufacturing branch of the sugar industry. 
This has led to a demand for outside capital in order to supply the necessary 
uipment for the manufacturing end, 

•In Commerce Reports, October 23, 1919. 
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For many years the average planter of the Philippines was content with the 
old-style methods and the consumer of Philippine sugar was satisfied with the 
muscovado and pilon product of these methods, but this time has passed and 
every up-to-date planter is now con^'inced that it would be vastly to his advant- 
age to have his cane made into centrifugal sugar and is ready to cooperate in 
the establishment of a central in his neighborhood by entering into the usual 
contract for the delivery of his cane to the factory. 

Larger Profits Made on Centrifugal Sugar. 

During the past year 18 modern mills produced for export 64,018 metric 
tons of centrifugal sugar, as against 47,224 tons exported in 1917, at an aver- 
age price for 1918 of $91.60 per ton. During the same year 209,240 tons of 
muscovado sugar were exported, compared with 158,685 tons for 1917, at an 
average price of $42.60 per ton for 1918. 

Heretofore the planters have made a fair profit on muscovado sugar when 
their product has been up to grade, but where the product has been inferior the 
prices obtained have hardly paid the cost of production. It is estimated that 
the cost of producing the cane for a picul (1.V.5 pounds) of sugar is $1, whereas 
the cost of manufacturing the cane into sugar by the old methods, furnisliing 
sacks, and otherwise preparing the product for market is placed at 50 cents. 
The cost of shipping to market, allowing for insurance and depreciation, added 
to this, brings the estimated cost of a picul of muscovado or pilon sugar up to 
$2, and when it is remembered that the three-roller mill employed leaves ap- 
proximately 50 per cent of the juice in the cane, it will be seen that the cost 
to manufacture centrifugal sugar, even by contract, is i)ractically no more than 
the cost to make muscovado or pilon sugar, whereas the prices obtained for the 
former are double those obtained for the latter. This difference in price and the 
further fact that the cost of producing muscovado sugar has advanced more 
quickly than its market price fonn the convincing argument that has turned 
the thoughts of sugar planters to the central. Moreover, the Chinese market 
for muscovado sugar has been waning in recent years, and a preference has 
been shown there for l^hilippine centrifugal sugar of 9t)' polarization. 

Market for Small Mills — Transportation of Cane and Su<;ar. 

One enterprising manufacturer of sugar machinery, who recently opened 
an office in Manila, has sent his experts to the islands to study the needs of the 
field and is adapting his machinery, which was designed primarily for other 
sugar-growing countries, to meet the requirements of the Philip])ine market. 
It is probable that there will continue to be a market in the Philij)pines for 
small centrifugal mills of from 500 to 1,(XX) tons daily capacity. This type of 
mill appears to be best suited in point of cost and availability to the large plan- 
tation owner who desires to mill his own crop and, perhaps, that of his neighbor. 

A tendency is to be noted on the part of the planters in some neighborhoods 
to unite in the purchase of a mill to be as centrally located as possible. The land 
in some sections of the sugar regions, however, is divided into such small hold- 
ings that the only feasible way to give these smaller planters the advantages of 
the modern mill is through the large central, with its contract system and pro- 
visions for transportation. 
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The Manila Railroad’s published rates for transporting a ton of cane are as 
follows: Fifty kilometers (a kilometer equals approximately five-eighths of a 
mile), ^0.623; 100 kilometers, $0.93; and 150 kilometers, $1,153. During the 
greater part of the past two years it has been impractical to undertake to haul 
cane great distances, owing to the congested traffic on the Manila Railroad 
lines. This company has been short of rolling .stock to meet the increasing de- 
mands made upon it, and the war conditions abroad made it impossible to pro- 
cure any equipment. The delays in the transportation of cane have caused a 
marked decline in its milling value, as four days are regarded as the maximum 
time that should elapse between the cutting and the milling of the cane. 

The general rates quoted by the Manila Railroad Company for the trans- 
portation of sugar are as follows: Fifty kilometers, $1.54 per ton; 100 kilome- 
ters, $2.12; and 150 kilometers, $2.57. There is no difference in the freight 
charged for centrifugal sugar and that charged for muscovado sugar. At times 
during the past year interisland steamship rates on sugar have been $2.75 per 
ton, although it is difficult to give definite quotations, and ocean rates to the 
United States about $30 j)er short ton. 

Lauor Rkoi ired for Sug.vr Central. 

A large sugar central should have an office force consisting of a superin- 
tendent, who is generally paid from $3,000 to $4.(X)0 per year; an assistant super- 
intendent, $2,000 to $4 .(XX); a chief chemist, $2,000 to $3,0(X); and four assist- 
ant chemists (usually I'ilipinos), S.X) per month. The ordinary labor required 
during the milling season is a night and day .shift, each of .50 to 75 men. It is 
generally considered that .50 laborers are sufficient for a mill with a capacity ol 
SOO tons daily. The San Carlos mill, which now has a capacity of 1,800 tons 
daily, employs 1()0 workmen. l abor of this sort is generally paid from 35 to 
()0 cents ]>cr day without subsistence. 

Men for the office force would [)robably have to be obtained outside the 
Phili])pine'', in most cases. There are few engineers and chemi.sts in the islands 
capable of operating centrals. The b'ili])inos are undoubtedly capable of acquir- 
ing the ncces.sary training and ex[)erience. but modern sugar mills have not been 
in operation long enough in the islands to develop a supply of trained men to 
operate them. A number of l'ili])inos are now taking courses in chemistry and 
engineering in the United Stales and Furope, and these will doubtless help to 
supply the need in a few years, just at j)resent there are good openings in the 
islands for men who have had training ami experience in the manufacture of 
centrifugal sugar. 

The ordinary labor required is usually easily obtained, although it is often 
diftk'ult to get cutters to harvest the cane crop and laborers to work about the 
old-fashioned sugar mills where the muscovado and ])ilon .sugars are made. The 
explanation seems to be that wages paid by the central are usually a little higher 
than th(\se paid for field labor or by the muscovado mills. These men are for the 
most part incxi)erienced in the work required about a central, and, therefore, are 
not very efficient, but the supply of experienced labor is increasing each year. 



36 


As new centrals are established workmen employed in some of those that have 
been operating for some time seek employment in the new enterprise in the hope 
of bettering their situations or for the mere desire to try something new, while 
new men take their places in the older factories. 

Building and Machinery Costs — Private Transportation Equipment. 

Mr. Cleve W. Hines, formerly sugar technologist of the Philippine Bureau 
of Agriculture, estimates that the buildings and machinery for a mill with a 
capacity of 800 tons per day would cost about $25,000. In this connection it 
should be remembered that cement and construction steel cost nearly 100 per 
cent more now than they cost before the war. The San Carlos central, includ- 
ing machinery and building material, was erected at considerably greater cost than 
it would have been before the war. Structural steel that before 1914 cost about 
$43 per metric ton now ajiproximates $81, though with a tendency downward; 
corrugated iron roofing that cost $67 a ton in pre-war days now brings $150; 
cement has risen in this same period from S8 per ton to $12. Lumber and all 
builders’ hardware have gone up proportionately. 

Machinery imported from the United States into the Philippines pays no 
duty. It costs about as much to lighter or land freight in Manila as it would 
cost in an American port. Apparatus is not available for handling extremely 
large pieces. It must be borne in mind, however, that the points where the 
machinery is to be installed are usually far from Manila, and there are few 
facilities for loading and unloading heavy machinery in most of these places. 
Machinery designed for use on Negros, Panay, or Cebu probably would have 
to be transshipped at Manila on an interisland steamer for the i)ort nearest the 
point where it is to be installed. Iloilo and Cebu each has some facilities for 
handling heavy cargo. h>om either of the.se points the machinery would probably 
have to be taken in lorchas or cascoes (native barges or lighters) towed by launch 
to connect with the land transportation necessary to get it to its destination. The 
cost of tran.sportation from Manila to the point at which the machinery is to be 
installed depends, in each case, upon the location of that point and the conditions 
of local transportation at the time the machinery is received. 

The larger sugar factories employ cars with trackage of the same gauge as 
that of the railroad in order to enable them to send their cars over the line when 
necessary. These cars carry ajiproximately 20 tons of cane and are eijuipped 
with two sets of four wheels each. The factories also use a portable track of a 
much smaller type for conveying cane to the main lines. This ranges from 28 
to 36 inches in width, and the cars carry from one-half to 2 tons of cane. These 
cars have but four wheels. Small locomotives are operated over some of these 
tracks and animal draft is provided for others. The three largest plantations 
have approximately 25 miles of heavy track and 6 or 8 miles of the light portable 
track ; all of the small centrifugal sugar factories of Negros operate with a light 
track, and most of them run steam engines. 
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Methods of Mauketing Philippine Sugar. 

Before the introduction of the modern mill muscovado and pilon sugar was 
commonly sold by the planter to the exporters, usually Chinese merchants or 
European export and import houses, who maintain warehouses in Iloilo, the chief 
sugar port, for receiving and storing the stocks from the plantations. Sugar pro- 
duced in Negros was commonly transported to Iloilo on barges towed by launches, 
while that produced along or near the railroad on Luzon was delivered by cart 
to cars at the nearest station. In the V^isayan sugar regions the exporters usually 
advance money to the planters at certain times against the crops, and the planters 
are bound to sell their crop to the exporters at prices usually stipulated in ad- 
vance, and, as a rule, very low. By the use of money made available by the Gov- 
ernment, at first through the Bank of the Hiilippine Islands and later through 
the Philippine National Bank, the planter gradually ceased to be dependent upon 
the export merchant and has since been able to sell his output for the best price 
obtainable in the ojien market. The use of the modern mill for centrifugal sugar 
manufacture has brought about a change in the methods of marketing in many 
localities. It is now very common for the small planter to sell his share of the 
finished sugar to the central which does his milling. The central in turn fre- 
quently exports on its own account. At other times the central, or the larger 
planter who operates his own mill, sells to exjiort merchants or brokers engaged 
in buying for foreign houses, and the increasing proportion of the pilon and mus- 
covado sugar is now sold by the small planter to the large mills and centrals for 
conversion into centrifugal sugar. 

On the whole, the Philippine sugar industry is being freed from the handi- 
caps under which it has labored since its inception, and an entirely new life is 
being infused into it. Some conception of the field yet open in the islands for 
the installation of modem sugar machinery may be had by remembering that the 
exj)orts of Philippine sugar are yet well under 300,000 tons per year (by far 
the greater portion of which is still manufactured by primitive methods), although 
those best informed concerning the area of land suitable for sugar culture in the 
islands estimate that the production may easily reach 1,0(X),000 tons annually, 

[A list of modorii su^jar factories in the Tliilippine Islaiols, comjnled at the be^fiiniiiip 
of 1919 and iiicludinjj both the mills actually in operation and those under construction or 
definitely planned for construction, may be obtained from the Bureau of Foreign and Do- 
mestic Commerce or its district and cooperative offices by referring to file Xo. 9879.] 

[R.S. N.] 
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TTie Future of Industrial Alcohols.* 


By B. R. Tunison.^ 

Introduction! 

To attempt to predict the future of industrial alcohol is similar in many re- 
spects to making an attempt to foretell the outcome of a battle in a great war. 
The phases of the question are so numerous and complex and there are so many 
interdependent influences involved that any one would presume a great deal who 
attempted to predict with any degree of definiteness the future of industrial alco- 
hol. However, if present influences are considered, it is possible to anticipate 
at least a few of the more important developments more or less accurately. 

Importance of Alcohol Indu.strially. 

The following statement, made by a joint select committee of Congress in 
its official report, is fully as true today as it was the day it was made, some 
twenty years ago. 

‘‘'fine uses of alcohol other than as a beverage are more largely and widely 
extended than is generally supposed. But while the use of alcohol as a beverage 
is purely voluntary its employment for all other ])ur|)oses is legitimate, beneficial, 
and neces.sary. No article entering into manufacture or the arts, whether of 
domestic or foreign production, performs more legitimate or beneficial functions. 
There is scarcely a manufacturer in the country who does not use alcohol in the 
production of his goods to a greater or less extent.'^ 

Of the various alcohols which have been of industrial importance ethyl 
alcohol is unquestionably the most important. This alcohol has been subjected 
to severe trials in the past and burdened by taxes which have cau.sed very great 
limitations to its legitimate uses. In the industries many costly substitutes have 
been made because pure ethyl alcohol was obtainable only at prohibitive j>rices, 
due to excessive taxes, and because the denatured grades were not suitable for 
many special purposes. 


Production of Ethyl Alcohol. 

Raw Material. The considerations which have determined the raw materials 
to be used in the manufacture of ethyl alcohol have been of a commercial nature 
rather than essentially chemical. At the present time the state of the art is such 
that from a chemical standpoint alcohol may be readily produced from nearly 
any available source of saccharine or starchy materials. To indicate the influ- 
ence of local commercial conditions on the choice of raw material a few exam- 
ples may not be out of place. 


•Extracts from article in Journal of Industrial and Engineering Chemistry, April, 1920. 
1 U. S. Industrial Alcohol Co., 27 William Street, New York, N. Y. 
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Kid. 1. 

PrcMluctidii of InduHtrial Ethyl Alcohol in Germany, 1892-1912. 


In Germany. I'he production of industrial alcohol in Germany has been a 
noteworthy example of the industry for some years. The production from the 
various raw materials is indicated in Table I and Fig. 1. 

TABLE I— PROnrCTIOX OF ALCOHOL IX GERMAXY (V. S. GALLONS) 


Years 

Potato 

Distilleries 

Yeast 

Distilleries 

Grain 

Distilleries 

Molasses 

Distilleries 

Fruit and 
Other 
Distilleries 

]887/88— 1891/92 

. .19,826,000 

10,190,000 

3,063,000 

3,330,000 

686,000 

1892/93- 189(1/97 

. 0,1,302,000 

10,370,000 

3,613,000 

3,620,000 

898,000 

LS97/9S— 1901/02 

. 81,730,000 

10,900,000 

4 750,000 

3,190,000 

872,000 

1902/03 

. 70/100,000 

11, .100,000 

4,990,000 

2,3.10,000 

.102,000 

1903/04 

. 80,420,000 

12 060,000 

6.204,000 

4,410,000 

608,000 

1904/0.1 

, 7.1,900,000 

12,720,000 

7,500,000 

28.1,000 ; 

976,000 

190.1/06 

. 92,820,000 

12,670,000 

7,000,000 

219,000 j 

i 819,000 

1900/07 

. 73/»20,000 

12,.140,000 

7,240,000 

235,000 

792,000 

1907/08 

. 83, 100,000 

12,770,000 

6,440,000 

272,000 

1,00.1,000 

1908/09 

. 90,220,000 

11,900,000 

6,310,000 

229,000 

! 1,267,000 

1909/10 

. 77,600,000 

9,460,000 

6,1.10,000 

1,936,000 

! 1,005,000 

1910/11 

. 74,100,000 

8,130,000 

6 230,000 

2^3.10,000 

1 739,000 

1911/12 

. 66,000,000 

7,925,000 

13’, 100,000 1 

3', 380, 000 

1 898,000 


Agricultural and labor conditions during the period indicated were such that 
potatoes were very cheaply produced and the saccharine material obtained there- 
from on a per pound basis was relatively cheap, as compared, for example, with 
grains. Fruits had a higher value as food and the fruit wastes did not occur in 
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sufficient quantities to materially affect the alcohol production. The molasses 
available in Germany was largely beet molasses and had a somewhat greater value 
as a feeding material than as a raw material for alcohol production. 

In France. In France sugar beets and beet molasses have been used to a 
considerable extent as a raw material for production of alcohol. The production 
from the raw materials used is shown in Table II and Fig, 2. 

TABLE II— PBODUCTION OF ALCOHOL IN FRANCE (U. 8. GALLONS) 


Years 

, Raw Material 

i 

Total 1 

Per ('ent 
of Total 
Production 
in France 

; Grain 
Distilleries 

{ Molasses 
i Distilleries 

1 

Beet 

Distilleries 

1908 

9,360,000 

j 12,620,000 

33,300,000 

' 55,500,000 

81.5 

1909 

9,420,000 

! 12,600 000 

20,960 000 

52,800,000 I 

82.7 

1910 

12,200,000 

13,350,000 

31,200,000 

36,800,000 

90.0 

1911 

17,450,000 

13,300,000 

27,800,000 

! 57,600,000 : 

90.0 

1912 

23,300,000 

12,300,000 

42,800,000 

78,400,000 

89.3 

1913 

11,340,000 

16,000,000 

41,200,000 

68,600,000 

88.0 

1914 

21,700,000 

9,940,000 

12,370,000 

35,700,000 

81.5 

1910 

9,400,000 I 

6,980,000 

21,100,000 

38,800,000 • 

74.0 

1916 

17,560,000 1 

1 4,100,000 

11,900,000 

33,600,000 

81.6 


In Switzerland. Consul W. P. Kent of Berne, Switzerland, has stated' that 
calcium carbide is being developed in Switzerland as a source of alcohol. He 
stated that installations were started with about 20,000 hor.sepower minimum 
and 30,000 horsepower maximum (summer time), which would produce from 
7,500 to 10,000 tons of alcohol per annum. Calcium carbide is produced by the 
usual electric furnace method and acetylene from the calcium carbide by the 
action of water. Two methods are used in the production of alcohol from the 
acetylene : 

1 — x\cetylene is hydrogenated by catalytic means and ethylene is |)roduccd. 
The ethylene is dissolved in sulfuric acid, and alcohol and sulfuric acid are formed 
upon saponification. 

2 — Acetaldehyde is produced catalytically from the acetylene. The acetablc- 
hyde is oxidized to acetic acid or reduced to alcohol, by means of catalyzers, (ircat 
care is used in the selection of a catalyzer in order to eliminate numerous compli- 
cated side reactions which are liable to occur. 

The production of alcohol by such processes as just described of course neces- 
sitates a very cheap source of power. This is available only in such places as 
Switzerland and Norway, and alcohol made by this means could not compete with 
alcohol of vegetable origin if such could be produced cheaj)ly in those countries. 

In the United States. In the United States many different materials are 
used with more or less successs. In some portions of the country corn and corn 
wastes are effectively and economically utilized. These products afford a con- 

1 Commerce Reports^ 102 (1917), 426. 
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venient and easily handled source of alcohol. For many years maize was the 
chief source of industrial alcohol in the United States, and undoubtedly corn and 
maize will continue to be a very important source. 

Alcohol is being made from waste sulfite liquor in some localities where this 
waste is obtainable in quantity. Up until the present time the production has 
not been large enough to materially influence the alcohol market. This is largely 
due to the fact that there are very few places in the United States where sufficient 
waste liquor can be obtained to produce more than a few hundred gallons of 
alcohol per day. 

So far as the writer is aw^are there are but two plants in operation in the 
United States producing alcohol from sawdust, and these have a relatively small 
production. There seem to be possibilities in the development of the production 
of alcohol from wood and w'ood waste. 



During the last two years very little alcohol has been produced from the 
various grains. This is largely due to the fact that the grains are in demand as 
food materials at a high figure. In this country the only time it is feasible to 
use grains for the production of industrial alcohol is when a crop has been dam- 
aged in .some manner so that it cannot be utilized as a food material. 

Labor and agricultural conditions have been and are such in this country 
that potatoes cannot be grown economically enough to compete with trade wastes 
as sources of alcohol. 

Fruit in this country is so valuable as food that it cannot be used as a source 
of industrial alcohol. Fruit w^astcs do not occur in sufficient quantity to supply 
even a centrally located distillery, and transportation of such products is of course 
not feasible. 
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TABLE IlI—RAW MATERIALS FOR PRODUCTION OP ALCOHOL IN THE UNITED STATES 


Raw Materials 


States and 
Territories 


California . . . . , 
Connecticut .. . i 
Dist. Columbia j 

Hawaii 

Illinois , 

Indiana 

Kentucky 

Louisiana 

Maryland ; 

Massachusetts. ! 

Michigan 

Missouri 

Montana 

New York .... 

Ohio 

Pennsylvania.. 
Rhode Island.. 
South Carolina 

Texas 

Wisconsin .... 


Total 

Total for Fiscal 
Year 1917 . . 


Corn 

Bu. 

Rye 

Bu. 

Malt 

Bu. 

j Other 

1 Materials 
j Bu. 

Molasses 

Gal. 

Sulfite ' 
Liquors 
Gal. 

1,656 



i 

13,223,826 


3,767 

1,622 

1 311 



79,309 

122,013 

69,909 

236,433 






i 

7,700 



8,130,912 

29,770 

880,135 

44,993 

4,219,519 


2,637,875 

48,036 

206,883 

50,942! 


2,200,183 

87,771^ 

282,019 

36 

226,980 


9,594; 

132; 

1,000 

2,980 

.33,214,705 

17,620,539 

130,522 

2,7341 

5,176 


34,626,539 

........ 1 

2,690 

i 

2,418* 

3,272 


13,118,139 

1 

1 


5,290,164; 

13,967 1 

1,986 

2,444 




249,340 

! 

342,15o‘ 

37,712 

69,158 


11,025,740 

28,637,832; 

578,451 

3,170 

63,324 

784 



295,793 

7,116 

33,213- 


7,873,097 


i 

7 

5,942 



2,382 

16,958,609 




20,098 

119,676 

26,397 

21,729| 




14,544,545 

248,864 

l,689,677j 

172,039 118,027,960 

68,527,242 

33,973,268 

3,375,439, 

4,239,677j 

81,435 

112,497,633 

78,462,969 


Total 


Bu. 

Gal, 

1,656 

13,223,826 

4,700! 


271,231 

236,433 


7,700 

9,085,810, 

4,219,519 

2,943,736 


2,.')70,00» 

226,980 

13,712 

50,835,244 

138,432 

34,626,539 

6,380 

13,118,1.39 


5,290,1 (i4 

18,307 



245,340 

449,020 

39,663,572 

645,729 


36.3,122 

7,873,097 

7 

.5,942 

2,382 

16,958,609 


20,098 

167,802 



36,605,124 1 86, .5.55, 202 


40,669,819 190,960,602 


SUMM.VRY. 


Oal. 

3913 393,606,2.58 

1914 183, 919, .542 

1915 140,6.56,103 

1916 2.53,283,273 


Sugar beets and beet molasse.^ have not been used to any extent for the pro- 
duction of industrial alcohol in this country, because at present they are utilized 
for feeding purposes and they cannot compete with other trade wastes. 

The chief source of industrial alcohol in the United States is cane, or black 
strap, molasses. Only a few years ago, especially in the East and West Indies, 
the disposal of molasses by the sugar mills was a serious trade waste problem, 
but it is now very largely used the world over as a raw material for alcohol 
manufacture. The conversion of molasses into alcoholic li(iuor, especially into 
rum, is an old enterprise. West India rum has been famous in New England 
for more than 200 years. But the u.se of molasses in large (piantities for in- 
dustrial alcohol production is a development of the last few years. As far as 
ease of manipulation is concerned, molasses unquestionably surpasses any other 
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known material. Moreover in the past it has been a very cheap material. A 
large portion of the world’s molasses is still a waste product due to the difficulty 
and expense of transportation to the commercial centers. 

Molasses from Cuba and Porto Ricf) is gf special imi)ortance to the United 
States, because of the several million tons which are annually available for the 
production of alcohol. This molasses is gathered from the various producing 
mills in barges, steam lighters, hundreds of tank cars, and in some few cases 
barrels and hogsheads, and taken to the large storage tanks which are located 
at deep water shipping ports. Tank steamers, such as are usc<l for the trans- 
portation of petroleum, are used to carry the molasses from these storage points 
to various plants in the United .States: in Boston, New York, Baltimore, New 


TABLK IV— I’RODUCTIOX (IF ALCOHOL IX THE EXITED STATES 


! 


3918 


1917 

Stat(\s ana 





Torritorifs 

From Materials 

Fruit 

Total 

Total 


other than 

Brandy 

Frodiietioii 

Production 


Fruit — (ial. 

Gal. 

Gal. 

Gal. 

California 

8,727,694 

1,291,912 

14,023,646 

17,811,482 

('ounectiout 

2:i,:)27 

2,924 

26,411 

132,015 

Diatriet of Columhia . . . 

749, .11 7 


749,117 

608,812 

Hawaii 



3,931 

14 016 

JllinoiH 

40,679,940 

140 

49,680,080 

79,320,617 

Indiana 

1.1,820,0.11 

10,899 

11,830,930 

43,361,276 

Kontu<*kv 

12,6114,701 

3,714 

12,608,437 

36,441,778 

Louisiana 

LM,406,r..‘t*» 


24.406, .'.IW 

26, .141, 832 

Mar viand 

26,746,186 


26,746.386 

24,961,321 

Massac liiisotts 

10.871,171 


10,873,375 

12,511,238 

Michigan 

712,741 


752,745 

819,908 

Missouri 

77,026 

2,101 

79.527 

289,661 

Montana 

186,248 


186,248 

244,773 

Achraskn 




2,938,594 

\i'w Jersov 


11 

11 

14,494 

Now ^fi'xico 




31.1 

Xow York 

10, .140, 421 

4,480 

10,544,901 

13,8.16,054 

Ohio 

1,277,481 

36,618 

3,314,103 

10, 114, ,173 

IVnnsvlvania 

7,291,914 


7,293,914 

12.190,764 

HIkmU* Island 

2,841 


2,845 

224 

Houth Carolina 

941,.168 


943,568 

1,1.19,309 

Texas 

7,281 


7,281 

13,905 

Virpfinift 




122,957 






Wisconsin 

7.19,294 


719,294 

2,527,249 

Wv(>min|j 


26 

26 

260 

Total 

171,476,474 


178,833,799 

286,085,464 
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Orleans, and other points. In addition to the above-mentioned sources of mo- 
lasses large quantities are obtained from the cane sugar refineries located in the 
southern and southeastern parts of the United States. 

The various raw materials used and the quantities of alcohol obtained from 
them are indicated in Tables III and IV. 

The figures are, of course, totals and include the beverage alcohol production. 

The total production of ethyl alcohol in various countries from 1908 to 1912 
is shown graphically in Fig. 3. 



PkonurTiox OF Denattred .'Xlcoiiol. 


In the last few years the production and consumption of denatured alcohol 
in the United States has increased very greatly, as shown by Table \’ and I'ig. 4. 
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TABLE V— PEODUCTION OF DENATUBED ALCOHOL IN THE UNITED STATES 


Fiscal Years 

j ] 

! Denaturing ; 
j Warehouses 

1 

Completely 

Denatured 

Wine 

Gal. 

Specially 

Denatured 

Wine 

Gal. 

Total 

Wino 

Gal. 

Proof 

Gal. 

J907 

8 

1,397,861 

382,415 

1,780,276 

3,084,950 

1908 

12 

1,812,122 

1,509,329 

3,321,451 

5,640,331 

1909 

12 

2, .370, 839 

2,18.3,579 

4,556,418 

7,967,736 

1910 

12 

3,076,924 

3,002,102 

6,079,027 

10,605,870 

1911 

14 

3,374,019 

3,507,109 

6.881,129 

11,682,887 

1912 

14 

4,161,268 

3,933,246 

8,094,515 

13,955,903 

1913 

21 

5,233.240 

4,608,417 

9,831,658 ; 

16,953,oo2 

1914 

25 

•5,213,129 

5,191,846 

10,404,975 

17,811,078 

191.> 

23 

5,386,646 

8,599,821 

13,986,468 . 

25,411,718 

1916 

33 

7,871,952 

38,807,153 

46,679,108 

84,532,253 

1917 

44 

19,508,919 ; 

45,170,678 

55,679,597 

93,762,422 

1918 

49 

10,328,454 

39,834,561 

50,163,016 , 

90,644,722 


The falliii}! off in the quantity of denatured alcohol used during 1918 is ac- 
counted for by the fact that in the early jjart of the year several of the larger 
munition plants discontinued the manufacture of explosives for the Allies, in 
which denatured alcohol had heen used, and engaged in the manufacture of ex- 
plosives for the United States Government, using principally tax-free undena- 



Fig. i. 

Production of Denatured Alcohol in the United States. 


tured alcohol. The army specification.s were subsequently changed and denatured 
alcohol was used exclusively in those plants. The quantity of denatured alcohol 
used during the year in the manufacture of explosives and for other war pur- 
poses was approximately 52,847.117 proof gallons. 
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Manufacture From Raw Materials. 

The alcohol industry as it stands today is the result of a very long period 
of development. The methods and apparatus used have become pretty well stand- 
ardized and no revolutionary changes or developments are anticipated. Many 
minor improvements are being made from time to time, but as far as the dis- 
tillation and rectification are concerned the principles involved have been care- 
fully worked out and apparatus designed which correctly applies them. 

A large amount of research is being directed towards the processes of 
fermentation and we may hope for many developments from this phase of 
the industry. Paralleling this development, better systems of plant control 
will undoubtedly be put into practice. While the yields obtained at ])resent 
are good, better results are being searched for. 

Uses of Industrial Alcohol. 

As far as the influence of the industries in which alcohol is used is con- 
cerned, the use of alcohol in the future should develop fully as rapidly as the 
industries themselves. If this were the only, or even the most important factor, 
as it is concerning most commodities, the prediction of the future would be a 
relatively simple matter. Most of the newly developed chemical industries in 
this country have come to stay and they will require an ever-increasing quantity 
of alcohol. 

While most of the uses of alcohol will be developed more or less parallel 
with the development of the chemical and allied industries, there arc a few the 
expansion of which will be more or less revolutionary in character. 

Solidified Alcohol. One of the very important u.ses today, and one that is 
becoming increasingly so, is that of solidified alcohol. Alcohol burns with a 
smokeless flame and does not carbonize like kerosene, so that even at the present 
time it is a very satisfactory fuel, and its only rival for chafing dishe*^, cotTee 
percolators and such articles is electricity. In regions where electricity is not 
available solidified alcohol i.s a very important fuel for cooking purjioses. It is 
also used very extensively during vacation tri|)s to the mountains or the sea- 
shore. It is very convenient to handle and is witiiout dirt, smoke, or odor, and 
is an economical fuel, and Undoubtedly the use of alcohol in this form will in- 
crease to a very marked degree. 

Purification of Turpentine. Due of -the newer developments is the utiliza- 
tion of alcohol in the separation and purification of gum-turpentine. The i)res- 
ent method of heating and making the crude products at the turpentine camps 
results in rosin of which only a small part is of good color. It Itas been found 
that the crude gum-turpentine is readily .soluble in high j)roof denatured alcohol. 
It is then possible to remove such foreign matter as particles of wood, twigs, 
insects, etc., which have been found largely res])onsible for coloring the fmished 
products. Subsequent distillation of the gum-tur[)entine-alcohol solution results 
in a separation of the alcohol heads containing a small percentage of turpentine, 
which functions as a denaturant and at the same time produces a product w^hich 
can be used again as a solvent. The turpentine fraction is clear and marketable 
as a high-grade product and the rosin residue is colorless and of the highest 
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grade. The loss of solvent at present is approximately 6 per cent and develop- 
ments indicate that it may become lower. When using this process it is possible 
to centralize the processing of the gum-turpentine and thus reduce operating 
expense to a minimum. The increase in quantity of high-grade products, the 
very small losses involved, and the small cost of operation incurred by this 
process indicate that it will become of very great importance in the turpentine 
industry. 

Ethylene, Another relatively new development in the utilization of alcohol 
is in the catalytic production of ethylene. Ethylene has been considered as a 
substitute for a cutting and welding gas in the place of acetylene. From com- 
parativ'e tests ethylene is found to have many advantages over acetylene^ As 
far as the heat of combustion is concerned ethylene has a slightly higher value. 
In cutting and welding iron and steel ethylene has among others the following 
advantages . 

1 — It has a high ratio of carbon to deterrent element like hydrogen, over- 
coming the tendency to retard combustion and slow the cutting. 

2 — It has a raf>id rate of combustion, preventing loss of temperature from 
absoqnion and conduction of heat by the metal being cut. 

3 — It will liclj) to maintain an oxidizing effect fast enough to overcome any 
tendency to burn too deeply or chill the surfaces of the metal being cut. 

4 — It will produce a rapid rate of cutting with a low consumption of gas, 
making a high efficiency possible from the regular operators of the torch. 

5 — It shows a decrease of labor and gas consumption with increase of thick- 
ness of metal cut, making the cutting of thick metal as economical as thin metal. 

T) — It possesses a remarkable (legree of lightness of the charged cylinders, 
providing a valuable portability and ease of movement of the gas supply about 
a shop. 

7 — It is a non-poisotK»us. safe gas, without objectionable odor. 

8 — It has a clearly outlined cone in the flame, without which a workman 
would be badly handicapped, 

Iti the working of copper it has been impossible to make a satisfactory weld 
with acetylene, because of the formation of carbon and the consequent blistering 
in the weld. Terfect copper welds have been obtained with ethylene. 

In aluminum welding and lead burning ethylene is infinitely better than 
acetylene. There is no carbon funnation and no kick back in the bunier, while 
a terrific heat may be maintaine<I, 

It is a much safer gas to handle, since it docs not e.xplode spontaneously. 
It can be compresseti and handled in the standard form of gas cylinder without 
either packing or a solvent (acetone), bor this reason it is possible to make a 
saving of about one-half in the cost of the cylinders and approximately one- 
half in the freight cost. I'urlhcrmore, ethylene can be compressed so that a 
cylinder will hold o\ er 200 cu. ft. of ethylene. Thus the cost per cubic foot for 
shij)menl is again cut in half. luhylcne is essentially a “one man gas. The 
weight of ethylene per 100 cu. ft , including the container, is only 40 lbs., as 
compared to W lbs. for acetylene. A c> Under of ethxlene weighing between 80 
and 8.^ lbs. contains approximately 210 cu. ft. of gas and can be easily handled 
by one man. 
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Ethylene is being sold at the same price as acetylene. It may be used in an 
ordinary welding torch, but preferably one with a mixing chamber. A change 
in the size of the tip is also desirable. 

In addition to the use of ethylene as a cutting and welding gas it has been 
found to have considerable value for lighting and heating purposes where elec- 
tricity is not available. 

In the chemical industries we all realize that with a source of cheap, pure 
ethylene it will be possible to manufacture a great number of synthetic and 
chemical products. 

Internal Combustion Engines. Probably the use of alcohol which in the 
future will have the greatest significance is its use as such, or in admixture with 
other compounds, as a fuel for internal combustion engines. For years volumes 
have been written about the use of alcohol in such engines. In Germany, where 
the supply of petroleum products was inadequate and where alcohol was a rela- 
tively cheap commodity, large quantities were used for automotive and power 
purposes. In France alcohol was used extensively for automotive engines. In 
the United States considerable has been said about using alcohol for automobiles, 
farm machinery, etc. Vivid word pictures have been drawn of the fanners 
taking their waste products and processing them in their small plants and then 
doing everything from sawing wood to doing the family washing with alcohol 
as a source of power. However, the petroleum supplies in this country have 
been so abundant and available at such reasonable prices that these word pic- 
tures have remained as such and the fanners continue to buy gasoline with which 
to operate their automobiles and small engines. This has been the case since 
the agitation for alcohol production by the farmers in \9Q(>-7. 

Recently, however, conditions have suddenly changed. The Geological Sur- 
vey tells us that in about three years the peak in a curve showing petroleum pro- 
duction will be reached and after that lime there will be a gradual ilecline in 
petroleum production over a long period of years. 

Not only will the production of petroleum continually decrease, but the 
present indications are that the demand for petroleum products will increase 
in the next few years even more rapidly than ever. The increase in the number 
of automobiles, trucks, tractors, and aiqdanes during the last five years has been 
remarkable. If the increase from now on is only a small percentage of what 
it has been we must soon obtain a new supply of explosion engine fuel, and while 
our supply of j)etroleum is limited in quantity, the raw materials for the produc- 
tion of alcohol are around about us in inexhaustible quantities. At this time the 
utilization of alcohol for power purposes appears very significant. 

While it will probably be several years before alcohol alone will be used 
as a motor fuel, alcohol in admixture with other fuels is now being produced 
and marketed in some localities of this country. The alcohol fuels as used at 
present do not require a specially designed engine to obtain optimum results, 
but the standard engine and acces.sories are used with excellent results. Alcohol 
fuels have many advantages over gasoline when used in automotive engines, 
some of which may be summarized as follows : 

Greater mileage; 

No preignition; 
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No knocking; 

More uniform application of power during power stroke of piston; 

More power; 

Power more completely under control. 

Even though the alcohol has a lower H. t. u. value for the heat of combus- 
tion, the combustion i)i the fuel is more complete and greater efficiencies are ob- 
tained. This is especially true in slow speed engines such as motor trucks. 

Alcohol fuels have also been developed for airplane use. In this regard 
the Journal of the Society of Automotive Engineers^ says in part: 

A new alcoholic fuel, consisting of alcohol, benzol, and ether, is about to 
take the place of the high-grade airplane gasoline, which has ])reviously been 
used in the Air Mail Service. 

The advantage of this fuel lies in the resulting cleanliness of the engines, 
reductiott in the cost of upkeej) and its burning cooler than gasoline, which to 
some extent overcomes the objection to a high-compression engine when operat- 
ing at low altitudes. It recjuires about four-fifths as much of the new fuel for 
any given distance and altitude. This gives greater flying radius to the jdanes 
and will enable the Dellaviland Fours to cover the Xew York to Cleveland 
route, a distance of 430 miles, in a non-.stop flight. It reduces the probability 
of forced landings by keeping the sj»ark plugs and the engine cylinders clear 
of carbon deposits and accumulations of oil. 

As the realization of the advantages of the above-mentioned fuels becomes 
more universal, and as the (juality of the gasoline becomes poorer due to the 
diminishing j)etroleum supply, and as the price of gasoline rises, alcohol will be 
used in greater and greater <iiiantities. In anticipation of this great increase 
in the demand for alcc^hol for power purjioses we should take active steps to 
assist in the develojnnenl of the alcohol industry so that an adequate suptdy 
of alcohol may be at hand when needetl. 

I’koH.Mu.K ICmfat of I.Fiasi \iion on TiiF I'vTi kF t>F IxursTKiAi. .Xlcojiol. 

'Fhe effect of the pa'^^age of the industrial alcohol bill in 190. » had a marked 
etVect on American industries in which alcohol is u^ed. Many new enterprises 
were undertaken and those in operation were greatly extended. v"^ince PX)7 
these industries using alcohol have pr(»spere<l ami grown until the Cnited v^tates, 
instead of being one of the smallest nations fn>m an industrial alcidiol point of 
view, has now become one of the greatest world influences. The increase in the 
pHuluction of imiustrial alcohol since E>07 is summarized in the last two columns 
of Table W 

W hile the progress made by the alcohol industry has been little short of re- 
markable, our chemical industries which <Iepend very largely on a supi)ly of 
cheap alcohol have not pnis])ered as have those in some other countries. The 
bill of HX)f> was an important step forward, but the manufacture, sale, distribu- 
tion, and use of alcohol was so surrounded with rules and regulation.s that many 
manufacturers did not use it and the normal growth of the industry was never 
a])proximated. 

t Journal of the Horiety of Automotive Kiigiiieers, 5 (1919), 207. 
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When the present prohibition bill was being discussed and prepared the very 
existence of the industries using industrial alcohol was threatened. The Com- 
missioner of Internal Revenue, with very great foresight and with a realization 
of the necessity of a supply of alcohol for industrial purposes, the use of which 
should be as free of restrictions as possible, prepared and presented the section 
of the prohibition bill relating to industrial alcohol. The assistance given by the 
Internal Revenue Bureau in showing the necessity of industrial alcohol, and 
the absolute dependence of some industries on a supply of alcohol, to those con- 
cerned with the making of our laws was a coojieration with the chemical and 
allied industries which should be known and appreciated by every chemist. A 
great deal of credit should be given to members of the present C ongress who took 
time to learn facts concerning some of the industrial phases of the alcohol tjues- 
tion, with the re'^ult that the industrial alcohol section of the bill was passed. 

Now that a new law is to govern the alcohol industry we may feel certain 
that the Internal Revenue Bureau will proceed in the same maimer in drafting 
the rules and regulations which are to surround the manufacture, sale, distribu- 
tion, and use of alcohol. We may feel confident that the ( ioveriiment’s taxable 
interests will be protected and at the same time the manufacturers will be given 
the greatest possible freedom in the use of alcohol for industrial purpose^. Due 
to the attitude of fairness of the Internal Revenue Bureau, it is not too much 
to expect that we shall have alcohol under such conditions as will be an added 
stimulus to the progress of our rapidly growing chemical industries. 

Aside from the natural growth of the alcohol indu>try care should be taken 
to foster its development. W'e are told that we should maintain a policy of pre- 
paredness throughout the coming years. Now that the whiskey distillery is to 
be a thing of the past, where could we look for a .sujiply of alcohol in case of 
war? In the recent war the distilleries came to the rescue, and in case of anoiher 
war we must have industrial alcohol plants in oj)eration which could immediately 
supply large quantities of a most necessary product. 

It has been said that the future increased production of alcohol could be 
attained by persuading the farmers to produce alcohol in small agricultural dis- 
tilleries in a manner similar t<^ those in operation in (iermany. 'rhere arc se\eral 
reasons why this is not likely to take place. Labor is very much higher in this 
country than in (jermany. The farmers of this country have liecome accustomed 
to production on an extensive scale rather than in an intensive manner, and are 
not likely to be satisfied with the results (»f a small distillery. In order to obtain 
satisfactory results the fermentation mu.st be carefully controlleti, and the aver- 
age farmer docs not possess sufficient technical training to do this effectively. 
The manipulation of an alcohol plant is difficult except to a technical man. The.se 
farm installations would necessarily be .small units because of the limited <|uan- 
tity of raw material available, the co.st of the installation would be high, the 
labor cost would be excessive, the output would be small, and the unit cost of 
production would be so high that the farmer could buy alcohol chea])er than he 
could make it. Our case is quite different from that of (iermany, where these 
conditions do not exist, and where the industry has been subsidized by the gov- 
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ernment. Without such subsidy and government pressure it is the writer’s opin- 
ion that the farmers of this country are not likely to produce alcohol for indus- 
trial purposes for some time. 

Alcohol is essentially a cheap commodity and should be treated as such. 
Today this is not the case, and the manufacturer may be partly to blame for this 
condition. If manufacturers using alcohol in quantity would buy alcohol as 
they buy other commodities in tank car lots and not reciuire shipment in ex- 
pensive cooperage or steel drums, they would help to reuKne the impression that 
alcohol is such a valuable product. 1 he ordering, billing, shipping, returning, 
crediting, etc., of these packages is a nuisance as well as a source of considerable 
expense. Alcohol is the only product in the history of the United States which 
has been taxed several hundred per cent of its value. I'his has given the im- 
pression tliat industrial alcohol is also extremely valuable. As the uses of alcohol 
are develojK*(l and as it becomes use<l more extensively for such ]nirposes as 
motor fuel, it is not too much to ex])ecl that it should be handled in much the 
same manner as petroleum and its j)roducts. (ireat Britain is beginning to realize 
that alcohol is essentially a cheap product and should be treated as such. The 
British Inter- l)ej)artmental Cr>mmittee on the l^roduction and Utilization of 
“Power .AlcohoP* recommends in part the following: 

\s the price of alcohol for ]>o\ver and traction purposes, to which we pro- 
pose tile name <»f “power alcohol” should be gi\en. must be such as to enable it 
to compete with ga'^oline. it is essential that all res'.rictions concerning it> manu- 
facture. storage, transport, and <li>tribution should be removed so far as j)OS- 
sible, consistent with safeguarding the revenue and {)reventing improper use. and 
that cheap denaturing should be facilitalid. 

i^'inally. we are (»f opinion that steps to facilitate the profluction and utiliza- 
tio:i ot power alcohol in the United Kingdom can in no circumstances be taken, 
nor arrangements for such cie\elopnienl carried into effect, unless j)rovisions and 
alterations of the kind we recommend in our report are made in advance of the 
time when an acute recurrence of high t»rices for motor fuels may otherwise 
call for action too late for it to be elTective. 

W hy should not the common carriers in this country as well as our Govern- 
ment recognize that industrial alc(»hol is a 5U-cent commodity .nul not one of 
value? W hy shouldn't manufacturers assist in bringing about such a recog- 
nilitJii by using the specially denatured alcohols wherever possilde and not be 
frightened by such words as “permit.” “bond.” and similar words identifietl with 
the Internal Kevetute Bureau. The C'ommissioner of Internal Revenue is the 
friend of the manufacturer using alcohol and not his enemy. He will endeavor 
to assist you and not retard your progress. ( >ver forty foniiulas of specially 
denaturcfl alcohol have been authorize«I for use in the manufacture of over 330 
articles in addition to many class authorizations. The Commissioner of Internal 
Revenue will consider the authorization and the extension of the use of any 
formula in new industries or will consider the authorization of new fonnulas, if 
existing formulas are not applicable. -As long as the Ciovernment s taxable in- 
terests in the alcohol are protected it may be freely used by the industries. 

The requirements of the Internal Revenue Bureau surrounding the use of 
specially denatured alcohol are neither difficult nor prohibitive. The papers may 
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be easily prepared. If you are a user of alcohol why shouldn’t you take advantage 
of your privileges and assist in the stabilization and progress of our American 
chemical industries? 

If the United States builds up a large industrial alcohol production and fos- 
ters its growth and development the industries will benefit, and there is no ques- 
tion but that this nation as a world power will be stronger. During peace the 
nation will be strong because of its industries ; during war these industries using 
alcohol will be instantly available as the media for the production of war materials. 

CoNCrA’SlONS. 

In the preceding paragraphs it has been possible to mention only a few of 
the probable influences affecting the future of industrial alcohols, and to attempt 
to indicate in a general manner their effect on the future. Now that the realiza- 
tion of the necessity of industrial alcohol is becoming more general, legislation 
favorable to manufacturers is taking place and the industries using alcohols are 
developing rapidly. May we not look forward to the time when the industry of 
making industrial alcohols in the United States will be of such magnitude as to 
be a great national asset under all conditions? |K.S. \.| 
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The Short Course 
for Plantation Men. 


J hi? Lniversity of llawaii and this Experiment 
Station have been a<ked to c'ondiict anotlier Short 
Conroe thi^ year. Hans are now under way with 

tliis end in view. 

The tw(» weeks course will hej^in Monday, Hetoher 11. and end Saturday, 
October It will be modelled ujxni the 1919 session, with such changes and 
improvements as may be advisable. Essentially the same i^^round will 1)e covered 
as at the former session. 

Idle success of laM year s short course was due lari^elv Kj those who at- 
tended the course and took such active interes: in the work under wav. Twentv- 
eij:;ht jilanlaliouN ajul two Iliniolulu a»,^encies had representatives in attendance. 
The twenly-ei^du ]>lantalions sending representatives were divided among the 
different islainls (»f the group a^ folbnvs: 


I't pluiitMtions <,ii Hawaii 
■t “ “ Maui 

4 “ “ Kauai 

r» •* •• Oahu 


The course is «le'-igned to give tliose who attend a clearer uinlerstanding 
of many of the (|uestii»ns j)erlaining to sugar production. 

'fheiT will be lectures, demonstrations, and discussions. T!iere will be no 
examinations or iiuizzes. 

Insect j)esis. sugar cane diseases, fertilizers and fertilization, irrigation, cane 
varieties, cultivations, and water.shed forests, are among the subjects to receive 
attention. 

Tlie same liberal sujiport as nreviously on tlte part of the jdantations in 
sending ilieir Held men to Honolulu for the two weeks course is again needed 
to make this undertaking the benefit it should be to all concerned. 
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Trees and Plants as an Aid to Plantation Improvement. 

Industrial Service Bureau, H. S. P. A, 



Lille of laborers’ quarters well planned on Maui. 



Pleasantly situated Portuguese quarters on a Kauai plantation. 
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ImprovcMiu'iits in mill yards arc well worth while. 
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The Fundamentals of High Mill Extraction. 

By A Mill Engineer. 

^ The following paper, under the heading of “A Few Hint.s to Young En- 
gineers on High Extraction/’ was originally intended for presentation at the 
1918 conference of mill engineers in Honolulu. As there was no conference 
either in 1918 or 1919, the paper was not published. At the urgent request of 
a friend the writer now submits this paper for publication. The usual method 
of treating a paper on milling is to describe the machinery in u.se, and the ad- 
vantage or disadvantage of each and every process the cane is subjected to, from 
carrier to fire room. 

The writer is particularly anxious to avoid boosting any one make of ma- 
chinery, and equally so of knocking any other make. It is his desire to treat 
the subject from an entirely unbiased viewpoint, with the intention that the fol- 
lowing remarks may be applicable to any mill in the Hawaiian Islands, irrespect- 
ive of the quality or make of machinery in use. 

The preparatory machinery, that is the machinery used for preparing the 
cane for the first mill, should by rights have first call on our attention, but, for 
the reasons given above, the writer does not intend to go into detail in this 
branch of the subject. 

As a matter of fact, the importance of preparatory machinery has been 
greatly overrated of late years, and consequently this branch of milling has re- 
ceived more attention than it merits. The writer, however, will commit himself 
so far as to say that it is very important that the cane be well ])repared on en- 
tering the first mill. I'he better it is prepared, the easier it will be to obtain 
good results in the jirocess of crushing. 

Hydraulic Pressure, 

As the fundamental principle of milling is the extraction of the juice from 
the cane by means of pressure, it is the opinion of the writer that the point of 
primary importance in high class mill work is the ])ioper and effective applica- 
tion of that pressure. 

Theoretically there is no limit as to the amount of weight that should be 
carried on a mill, but in practice the operator has to be governed by local con- 
ditions and the strength or quality of the equipment at his disj>osal. Poor equip- 
ment or unfavorable local conditions should not be made the excu.se for poor 
mill work, however. It is the duty of the engineer to overcome adverse condi- 
tions and to strive for the best results with the machinery at his di.sposal. 

Only good judgment, tempered by experience on the part of the engineer 
in charge, can determine the correct amount of weight to carry on a mill. It 
should be his aim, as high pressure is essential to high extraction, to carry the 
highest safe working load possible. Roughly speaking, from 70 to 80 tons per 
lineal foot of roller may be considered good practice. 

The writer believes that a word of warning against excessive loading will 
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not be out of place here. The tendency of operators of late years has been to 
ignore the factor of safety altogether, load up the mills until something breaks, 
have the broken part replaced by a stronger part, and so go ahead again. This 
method of working may be conducive to high extraction, but it certainly is not 
good engineering practice. 

In some factories the engine capacity, or rather the lack of sufficient engine 
capacity, is the determining factor as to the amount of weight to be carried on 
the mills. The rectification of conditions of this kind is specifically an engineer- 
ing problem, and although very interesting, it cannot be gone into in this paper. 

It is of the utmost importance in good mill work that the total weight,, i. e., 
the weight applied by the hydraulic jacks plus the weight of the top roller, be 
utilized to the best advantage. As much as possible of this weight should take 
effect on the blanket of bagasse passing through the mill. Any weight taken 
up by the driving j)inions, top roller brasses, or the returner bar, is so much 
waste, so far as useful vvf)rk is concerned, and should be eliminated as far as 
possible. 

She and Position of Hydraulic Jacks. 

W ith regard to unequal ])ressures on different mills, the .safe working load 
for one mill is equally the safe working load for another mill of the .same size 
and make. The only instance where it may be necessary to carry unequal loads 
is in the event of insufficient engine caf)acity, and then only when the prepara- 
tory machinery is not doing good enough work ; then it may pos.sibly be ad- 
vantageous to reduce the weight on the second and third mills to enable the full 
pressure to be carried on the first mill. 

A top roller is always inclined to ride on the j)inion end, due to the action 
of the driving j)inions, and in a mill where the jacks are the same size on both 
ends of tlie roller, a higher moisture on the pinion end will be the result. To 
eliminate this a larger jack .sliould be installed on the pinion end. The operator 
should remember, however, that this larger jack is provided as a precaution and 
is no prevention in the event of badly fitting j)inions. The mere fact that it is 
necessary should be sufficient proof that the driving ])inions must at all times 
be kept in goor] order. 1'he j)inions .should bciof correct size, properly meshed, 
and always well lubricated. It is very important that the top roller brasses be 
in good order; neglect or carelessness in fitting may mean a great decrease in 
efficiency. Some means of offsetting the hydraulic jacks should be ])rovided. 
This offset is necessary to prevent the brasses from tilting up on the feed side 
and becoming wedged in the housing. The amount of offset necessary to keep 
the brasses fairly level will vary in different mills, but as a general rule it will 
be found that about one inch offset in the first mill, gradually decreasing to 
about five-eighths inch in the last mill, will be sufficient. 

Ilffcctivc Use of Hydraulic Pressure. 

The brasses should be an easy working fit in the housing, and the faces in 
contact with the housing should be generously supplied with oil grooves and 
kept well lubricated. 
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A few years ago it was a common practice to fit shims below the top brasses, 
with the idea of releasing the pressure on the top roller when the mill was 
running idle. Just why this was deemed necessary the writer is unable to say. 
The result in the majority of cases was that when the mill received the feed 
the top brass would lift on the feed side only, and a great deal of pressure sup- 
posed to be taking effect on the top roller was in reality being applied through 
the shims to the mill cheek. This possibility should be entirely done away with ; 
the top roller brasses with full pressure applied should be at least one-quarter 
inch clear of the mill cheek on both feed and bagasse sides. By adopting this 
method the full pressure is bearing on the top roller at all- times, and it is only 
necessary for the roller to lift the merest fraction to assure the full pressure 
being transferred to the blanket of bagasse passing through. Setting the re- 
turner bar too high is another cause for the loss in pressure applied, sometimes 
overlooked by operators. The proper method of setting returner bars will be 
gone into a little later in this paper; it is sufficient for the present to remind 
operators that the returner bar is designed purely for carrying the blanket from 
the feed to the bagasse rollers. It cannot under any circumstances extract juice, 
therefore, any undue strain applied to it is so much waste. 

Another source of loss is in the driving coupling on the top roller. But if 
the operator has assured himself that the mill is prot)erly lined up and that the 
coupling is of .sufficient size, he has done all that is possible in t liminating this 
loss. Although pressure is such an important factor in obtaining high class mill 
work, it should be understood that all other conditions must be favorable before 
high pressure can he profitably applied. It is quite possible to overload a mill 
under adverse conditions with a pressure of only 50 tons per lineal foot. This 
does not necessarily mean that the mill is working under a weight that cannot 
be safely carried by the rollers. 

Slippage. 

The term “overloading,'* as used in connection with milling, simply means 
that the blanket of bagasse passing through the mill is for some reason incaj)a])le 
of lifting and keeping in suspense the top roller Choking, that is refusing the 
feed, is always the result of overloading, and this is cau.sed imt bv the feed and 
top rollers, but by a slipping pf the bagasse and top rollers. Again 1 want to 
emphasize that, if high extraction is desired, the remedy is not in reducing the 
weight, but in rectifying deficiencies in the cquijanent. To get tiie best results 
it is necessary that the blanket should enter the feed of uniform thicktie.ss, con- 
tinue over the returner bar, and pass out at the discharge at the same .speed as 
the surface of the top roller. In other words, there should be no tendency of the 
top roller to slip past the blanket. Slip always means that the blanket is being 
broken, and pockets of juice are formed and carried through with the bagasse, 
which, it can be readily understood, is fatal to high extraction. 

As the prevention of any tendency to slip is of so much importance, it is 
always advisable to surface groove the rollers. The surface grooves should not 
be any larger than is necessary for the purjx)se for which they are i)rovided, 
five to eight grooves per inch being considered good practice. When a very 
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large tonnage ratio is desired it is sometimes necessary to have large or coarse 
grooving all through the train of mills; but it must be understood, eliminating 
the question of higher tonnage, that increasing the size of the surface grooves 
increases the drainage resistance, thereby decreasing the possibility of the juice 
being extracted. 

Juice Grooves, 

It is the fact of cutting down the drainage resistance that makes the juice 
grooves of so much value. Juice grooves do not extract juice, they merely facili- 
tate in the escape of juice that has already been extracted. 

There is great difference of opinion as to the proper width, depth and pitch 
of juice grooves. The writer does not see why there should be much room for 
argument on this subject. It is obvious that the width should be as small as 
])Ossible, the depth large enough to take care of all the juice, and they should 
be spaced as closely as mechanical reasons will j)erniit. Cirooves one-eighth 
inch wide by one and one-quarter inches or one and one-half inches deep, not 
more than two inches apart, are what the writer would recommend. It is abso- 
lutely essential that these juice grooves be kept clean; if one set of scrapers is 
not sufticienl to do this, two sets should be provided. 

Returner Bar Settimj. 

The setting of the returner bar has a great influence on the correct feeding 
of a mill. A returner bar set too high causes slipj)ing and choking between the 
feed and to]) rollers, as well as unnecessary friction and waste of pressure on 
the bar itself. The general tendency, however, is to set the bar too low. Al- 
though the friction may be reduced by low settings and the mill may run more 
([uietly, that is with less groan, tliis does not mean that it is doing better work; 
in all probability it is not doing such good work. The writer rather likes to 
hear a mill groan a little : it is an indication that it is "on the job." 

It is the opinion of some operators that the top roller is responsible for car- 
rying or dragging the blanket over the bar. This is an entirely mistaken idea, 
although a well roughed ti)p roller does assist to some little e.xtenl. The j)ushing 
force of the blanket leaving the feed is the j)rincipal factor, however. 

If the bar is set too low, that is if the space between the toj) roller and the 
bar is too large, the blanket passing through will pile up against the discharge 
roller until the space is packed full before the discharge roller will start to feed. 
This simply means that the blanket passing over the bar is thicker than the 
blanket being discharged from the mill; therefore it must be moving slower 
than the surface of the top roller. In other words, the top roller is slipping 
over the blanket on the returner bar. Now, as the blanket being pressed against 
the bagasse roller is thicker than the blanket leaving the mill, the bagasse roller 
has also to slip past so much of this blanket to assure a uniform feed in the dis- 
charge rollers. Unfortunately, however, for this st\le of setting, the bagasse 
roller does not always slip just the required amount. As a matter of fact, the 
discharge rollers generally take a large and small bite alternately, and in this 
way have a tendency to break up the blanket and leave j)Ockets of juice. A mill 
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under these conditions is often incorrectly assumed to be doing fine work, be- 
cause the accumulator weights keep jumping up and down all the time. A re- 
turner bar set with too large an increase of opening from toe to heel, i. e., with 
too low a heel, has exactly the same effect on the discharge rollers. 

When a bar is set properly the blanket should travel over it at the same 
speed as the surface of the top roller and should enter the discharge with- 
out any tendency to pile up against the bagasse roller. For the ])roper setting 
of a returner bar the operator has to be governed by the speed of the mill, the 
tons of cane ground per hour, and the per cent fiber in the cane. In theory the 
bar should be set concentric with the top roller, but this method, owing to the 
enormous friction, is not practical. The correct method is to allow a slightly 
increased opening from toe to heel. This increase or clearance should not be 
more than one-half inch. To insure the correct amount of clearance at all times, 
it is necessary that the bar toe and holder move forward bodily and in accord- 
ance with the amount of wear of the toe on the feedroller. As this is not prac- 
tical in the common style of returner bar, a good method is to move the bottom 
of the bar holder forward by means of the adjusting screws at the end of each 
week’s run a sufficient amount to correspond to the wear on the toe of the bar 
for that week — say one-eighth inch when the bar is new to one-sixteenth inch 
or one-thirty-second inch after the mill has been running a few weeks and the 
toe has a fairly large wearing surface. 

It is well to remember that a bar set concentric with the top roller does not 
wear so quickly on the toe as does a bar set with an increased oj)ening from toe 
to heel. The greater friction of the bagasse passing over the concentric set bar 
serves to pull it away from the feed roller, but again the greater the friction, 
corresj)ondingly greater will be the strain on the returner bar bolts and the 
more difficulty there will be in keeping the feed roller clean. 

To curtail this friction and consequently help the working of the mill, the 
bar should be no wider than is absolutely necessary, which simply means that 
the centers of the bottom rollers should be as close together as it is possible to 
get them. 

The distance from the heel of the bar to the bagas.se roller should not be 
too great — one-quarter inch is quite sufficient if the bar is set properly. The 
following rule to determine the height of a returner bar, although not absolutely 
correct, may be applied with good results in the majority of cases. The distance 
from the surface of the top roller to the center of the bar in inches to be 1.3 
times the tons of fiber ground per lineal foot (^f roller per hour. 

Grouping Rollers of Different Sice, 

As the prevention of slip is of so much importance, the rollers .should be 
as near the same size as possible, and tlie operator should try to have all the 
shells made of the same material. Soft, coarse-grained cast iron is the best 
material. Hard cast iron, semi-.steel, or steel roller shells should not be used if 
high extraction is de.sired. The surface of the rollers should be strictly watched 
during operation and upon the first indication of any tendency to glaze up, or 
of any smooth patches developing, the affected part should be roughened uj) by 
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means of a pneumatic chipping hammer or some other convenient tool. This 
is equally important on all three rollers. 

In arranging a train of mills the operator should group his rollers in lots 
of three according to size. The three largest rollers should be assembled in the 
slowest running mill, generally the first; the three smallest assembled in the 
fastest running mill, etc. 

As in the majority of factories that have been in operation for a number 
of years it is practically im[)ossible to have three rollers of the same size in each 
mill, the writer submits a few^ suggestions as to the method of arranging rollers 
of miscellaneous sizes. 

The worst possible combination, in the writer's opinion, is a large top roller 
with correspondingly small feed and discharge rollers. To explain fully just 
why this should be so it will be necessary to theorize a little. The duty of a mill, 
where the cane is thoroughly prepared and pro]>erly macerated, is to pass a cer- 
tain amount of this jjrepared cane through per hour and to extract as much juice 
as possible in the process. In other words, to reduce the moisture content of the 
bagasse leaving the mill to the lowest possible percentage. Any factor that has 
a tendency to increase the moisture is detrimental. Now, to take an extreme 
case, say we have a toj) roller 32* j inches diameter assembled with feed and 
bagasse rollers of 30^ i inches diameter. The blanket will enter the mill and 
pass over the returner bar at the same speed as the surface of the smaller feed 
roller, the 30li-inch roller. The blanket should pass out of the mill at the same 
speed as the surface of the smaller of the two discharge rollers, the 30^/2 inches 
diameter bagasse roller. If this theory is correct, the 32*/2 inches diameter top 
roller, in the example under consideration, will have to slip 6^4 inches in each 
revolution. This slip takes effect on a surface of blanket of fully the width of 
the returner bar. It is obvious that this amount of slit) going on day after day 
is going to wear down the top roller very quickly, but this condition is also very 
iinde.sirable on account of the enormous waste of power expended in this slip. 
W hen the top roller is smaller than the feed and bagas.se rollers, the blanket enters 
the mill and pas.ses over the l)ar at the same speed as the surface of the smaller 
top roller, and any slip is taken u]) by the feed and bagasse rollers and takes 
effect on a comparatively small surface, eliminating to a large extent the wear 
of the rollers and the waste of j)Ower expeiuled in overcoming friction of the 
slip. As previously stated, the blanket passes through the discharge rollers at 
the same speed as the surface of the smaller roller, but the writer believes this 
condition onlv holds good up to the point of contact. Immediately after passing 
the center or point of highest pressure, the blanket is inclined to take the fastest 
s])eed of exit, that is, the surface speed of the larger roller. Now as the bagas.se 
in contact with the .smaller roller cannot travel faster than the surface of that 
roller, the quicker release of the blanket in contact with the larger roller causes 
a series of .small ruptures on that surface. If these ruptures appear, as the writer 
believes they do, immediately after the point of contact has been passed, it is not 
too much to infer that .some of the juice being extracted and taking the path of 
least resistance to escape from the enormous pressure, will find its way into the 
ruptures. W here the top roller is the larger the juice in the ruptures is carried 
out with the blanket of bagasse until the pressure is sufficiently relieved, when 
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the juice is reabsorbed by the bagasse. But supposing the bagasse roller is the 
larger, the ruptures will take place on the bottom of the blanket, and the juice 
being carried out will escape through the juice grooves in the bagasse roller 
while still under pressure and before the bagasse has had a chance to reabsorb 
it. The same theory may be applied to the feed and top rollers, with this dif- 
ference, however, that pressure on the blanket leaving the feed rollers is never 
entirely released, as the resistance of forcing the blanket over the returner bar 
has to be overcome. 

It is the writer’s opinion, founded on personal experience, that the best re- 
sults (that is the lowest moisture) can be obtained in a last mill by having the 
bagasse roller slightly larger than the top roller. In summing up the above re- 
marks on the different methods of arranging the rollers of miscellaneous sizes, 
it will be seen that it is very bad practice to assemble a large top roller with a 
small bagasse roller. The bagasse roller can be quite a bit larger than the top 
roller, however, before the detrimental effect is noticeable. The feed roller can 
be slightly smaller and quite a bit larger without materially affecting the ex- 
traction. 

In the assembled mill, with rollers of equal or different sizes, the import- 
ance of close setting cannot be too strongly emphasized. It is worse than useless 
to pile weights on the accumulator, if the rollers are not set close enough to 
insure the weight being transferred to the blanket of bagasse. Some operators 
believe in setting a mill to take a certain fixed tonnage per hour, and keep run- 
ning up to the full tonnage and at a uniform .speed at all times. This method 
has much to recommend it, but unfortunately cannot always be carried out. Many 
factories on these Islands have to keep changing speed at any and all times to 
accommodate the irregularities in cane transportation. Then, again, it is not always 
possible to run with a blanket of the desired thickness. From unavoidable rea- 
sons irregularity in feeding will frequently occur in the very best conducted fac- 
tories. To take care of these irregularities it is necessary that the mills he set 
as close as it is possible to get them. This is especially important in the last mill 
of a train; in fact the necessity of close setting increases in each mill, from first 
to last, and this importance is greatly magnified where the gear ratio is such that 
the speed of the mills increases from first to last. It is a natural error to assume 
that by setting the top and bagasse rollers up metal to metal, all that is possible 
has been done by way of close gettings, losing sight of the amount of slack or 
lost motion that has to be overcome before the full pressure can take effect on 
the blanket. This lost motion is the result of a combination of small defects, 
sometimes unavoidable, such as play of the top brasses in the housing, badly 
fitting top and end caps, too small setting-up .screws, slackness in king bolt and 
end cap bolts, badly fitting journals and .spring iii the mill cheeks. The inequality 
of the two upward forces acting upon the top roller tends to empha.size the effect 
of any small defect in the assembled mill. In other words, the force applied 
to the top roller by the bagasse roller, being greater than the force applied by 
the feed roller, the resultant of these two forces acts obliquely on the top roller. 
This, and the right-handed revolution of the top roller, both tend to lift the top 
roller in a slanting direction across the perpendicular, downward force aj)plied 
by the hydraulics. It is the effect of this oblique force, acting on the mill cheek 
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Instead of acting against the downward force, that is responsible for most of 
the lost motion. 

Lining Up the Rollers, 

In setting a mill the operator should always bear in mind the great im~ 
portance of having the rollers parallel; carelessness in this way means a great 
deal of unnecessary friction through end thrust of the rollers on the journals and 
brasses, and may even be the cause of forcing a roller shell off the shaft. 

Setting the Rollers, 

The writer recommends the following method in setting a bagasse roller. 
With the full hydraulic pressure aj)plied .set the bagasse roller up metal to metal 
with the toj) roller, making sure that the two ends of the roller are bearing 
equally. Next, with the mill turning over slowly, release the hydraulic pressure, 
make a mark on the setting up .screw on the pinion end and tighten this end up 
as far as it will go. By observing the position of the mark on the .setting up 
screw on the pinion end, the other end can be tightened up exactly the same 
amount. It is important that the pinion end be set up first, because if the other 
end is tightened up first it will be found impossible to get the pinion end up the 
same amount. This should be gone through every day for three or four days 
at the beginning of the season ; then afterwards, when everything is thoroughly 
worked into position, once every week will be enough. 

Xo definite rule can be laid down for setting a feed roller; the operator has 
to set the roller just to take the desired feed, always bearing in mind that the 
feed o])ening should be as .small as possible and that the roller should always 
be i)arallel with the top roller. It is a good plan to keep setting the feed roller 
up a little every two or three weeks, as there is a great deal of wear to be over- 
come ; besides it will generally be found that the longer a mill has been in opera- 
tion the smaller the feed opening required. Some operators maintain that closing 
uj) the feed opening too much is likely to raise the moisture content of the bagasse, 
hut this is only possible when a mill is running very fast or with a very thin blan- 
ket. and then only when the bagas.se roller is not .set up proj)erly. 

Maceration. 

The quesiic^n of macerating may be .said to work second in importance to that 
of ai)plication of pressure, and in a factory where the amount of macerating 
water ap])lied is limited to a certain insufficient quantity it is extremely im- 
portant that every’ drop be utilized to the best advantage. The practice usually 
followed in these Islands in a twelve-roller mill is to apply all the water imme- 
diately behind the third mill. The very dilute juice extracted by the fourth mill 
is collected in a tank and by means of a pump applied as maceration behind the 
second mill. The juice extracted by the third mill is also collected and pumped 
up behind the first mill. In some factories the juice from the second mill is 
applied as maceration in front of the first mill, but unless the preparatory ma- 
chinery is doing exceedingly good work this last application is of very little value. 
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In fifteen-roller mills and nine-roller mills the same method is followed; the 
juice will be returned one time more in the fifteen-roller, and of course there 
will be one less application in the nine-roller than in the twelve-roller. 

Some operators use the dilute juice from the feed rollers only for macerat- 
ing in the preceding mills, and although this is a much more elaborate method, 
it nevertheless has much to recommend it. 

Just as the engineer, who, owing to obsolete and inferior mill machinery, 
is handicapped and has to “carry on” at a great disadvantage, so it is in the 
case of inadequate boiling house equipment. Lack of capacity in heating, evap- 
orating or boiling equipment and uneconomical handling of same, by cutting 
down the maceration, greatly increases the difficulty of obtaining good mill 
work. It is comparatively easy to apply maceration effectively where 40 to 50 
per cent is carried, but where only a small amount can be carried great care has 
to be exercised in the application to obtain good results. The writer does not 
feel qualified to say what the right amount should be; it will vary with different 
varieties of cane and different fiber in cane. He does feel safe in saying, how- 
ever, that any amount below 40 per cent is not enough. 

It is very important that the maceration be distributed uniformly through- 
out the blanket of bagasse and that it be applied as soon as the blanket is released 
from the mill. In other words, it should be applied before the blanket has had 
time to absorb any air. For this reason it is almost essential that macerating 
scrapers be used, as they are designed specifically for this purpose, and although 
they are by no means perfect in design, nevertheless by a little judgment in 
manipulating them, an almost perfect maceration can be obtained. ( )perators 
should remember that it is just as important to have a perfect maceration in the 
first mill as in the last. The maceration water should be apj)licd at as high a 
temperature as it is possible to get it — 200^^ F. is not any too high. It is uni- 
ver.sally agreed that hot water will penetrate further into the fine particles of 
bagasse and absorb more .sucrose than will cold water. Besides, hot water aj)- 
plied in front of the last mill and mixing with tlie extracted juice helps to keep 
the juice sweet and free from inversion in the process of multiple maceration. 
Then it is just possible that the hot water if not used as maceration would be 
going to waste, therefore adding it to and slightly raising the temi)erature of 
the mixed juice amounts to a slight saving of steam in the heaters. 

It is ab.solutely es.sential th^t one man on each shift, and one man only, be 
instructed to look after the maceration. If every Tom, Dick and Harry be al- 
lowed to interfere with the macerating value, the results obtained may possibly 
be interesting, but they certainly will not be uniform. The engine tender is ])os- 
sibly the best man to jmt in charge, as he is usually fairly intelligent, has lots 
of time, and, knowing the speed of his engines, can with a little practice estimate 
fairly accurately the quantity of cane going through the mills at any and all 
times. He .should be instructed to take samples of the crusher or first mill juice 
and also the mixed juice at least every hour, taught how to take the Brix of each 
juice and how to work out the maceration, and instructed to enter the results in 
a book for the day’s run. He should also be instructed to use his judgment be- 
tween sampling times as to the approximately correct amount of maceration to 
apply, if for some reason the mill has to be run slower. It should also l>e a 
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hard and fast rule that in the event of the mill being stopped the maceration be 
immediately shut off. Once the tender has been properly instructed it will be 
found that he will take pride in being accurate, and it is astonishing how uniform 
he will be able to keep the maceration. 

In factories where the amount of maceration is limited and it is found 
necessary to use the very dilute sweetening off water from the mud presses as 
maceration in front of the last mill, it will be essential to have a boy told off 
to sample this sweet water also. Samples should be taken at least every half 
hour, and in the event of the Brix running above a specified amount, the cause 
should be investigated. Although it is not a correct indication of the amount 
of sucrose, it is a .safe rule not to allow any maceration applied in front of the 
last mill with a Brix of over 1.5^/, as it will be sure to affect the results. 

Controllimj the Mill H^ork by Mill Extraction I'csts, 

To insure uniform and consistently good work being done throughout the 
season, it is essential that the oj)erator have the cooperation of the chemist in 
taking samples periodically from all the mills, thereby keeping him.self posted 
as to what each mill is doing and enabling him to have them tuned up to the 
highest pitch all the time. In taking samples of individual mills, since it is com- 
]>arative results that are desired, it is not really im|)ortant whether those samples 
be “dry crushing" or otherwi.se. The writer, however, is not at all partial to 
dry crushing as a means of ascertaining the work done by individual mills. Dry 
crushing tests are taken under extraordinary circumstances and at the best are 
only an indication of pressure. In fact the results obtained should be directly 
])r()j)ortional to the j)ressure ap])lied. Dry crushing does not give any indication 
of the efficiency of maceration (^r of the correct drainage of the extracted juice. 
Then, again, it gives no indication as to whether the mill is properly set or other- 
wise, as the feeding conditions under dry crushing are entirely different than 
when the mill is running under normal conditions. .\nd lastly, in taking dry 
crushing tests from all the mills, if it is done properly it is necessary to shut 
off the maceration entircl} , stop the cush-cush conveyor and to allow the cane 
to work all the way through the train of mills. To avoid making any break in 
the blanket, the last mill has to be taken first. This, as can easily be seen, is a 
long and laborious job, besides being very hard on the mills. 

The writer believes that the correct way to sample individual mills is just 
to take them as they run under normal conditions. In other words, find what 
moisture, sucrose in bagasse and extraction you are getting from twelve, nine, 
six and three-roller mills, res])ectively. The moisture is the best indication of 
what a mill is doing; if the moisture as indicated by the last test shows any 
I>erceptible increase over previous tests it is a sure indication that the mill re- 
quires tuning up. These tests should be taken at least twice each week, and a 
complete record kej)t for comparison from week to week and from year to vear. 

Lar(/e GrooviiKj for First Mill, 

In a mill where the preparatory machinery is insufficient, or in other words, 
where the cane entering the second mill is not sufficiently prepared* to assure the 
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maceration being effective, it is advisable to try large grooving in the first mill. 
This large grooving, if the grooves in the top roller are meshed with the grooves 
on the bottom rollers, tends tp cut up the cane, and although the extraction in the 
first mill may be decreased, nevertheless by the cane being better prepared to 
receive the maceration it really amounts to an increase in the other mills. This 
is the only instance where large surface grooving may be said to have preference 
over small surface grooving in regard to extraction. 

Speed Ratios of Rollers. 

It is generally agreed that the present speed ratio of mills on these Islands, 
where the speed increases from first to last, is out of date and undesirable in 
the present advanced stage of milling. It is popularly supposed that it would 
be more correct to have the mills all running at the same speed. 

Where the question of obtaining extraction alone is considered, the correct 
method undoubtedly would be independent drive for each mill, and this, in the 
writer’s opinion, is the strongest argument that can be advanced in favor of 
electrification of mills. 

There is still some difference of opinion amongst engineers with regard to 
the speed at which mills should be run to do the best work. Some maintain 
that high surface speed of rollers with thin blanket is the correct method, while 
others agree with the writer, that, providing the juice drainage is sufficient, just 
as good results can be obtained at the same tonnage ratio with low surface speed 
and correspondingly thicker blanket. 

In conclusion the writer, with apologies if guilty of sounding a note of dis- 
cord, feels it his duty to request mill operators, especially the young, ambitious 
operators, not to forget that they are first of all engineers. In these days of so- 
called efficiency and craze for high extraction, it is only too easy to forget this 
very important fact. 


Variety Test in Kohala. 

In a small variety test comparing Yellow Caledonia, Badila and H 146, in 
adjoining water course, recently harvested at Union Mill Company, Kohala, the 
following results were obtained : 


; 

Variety 

Area 

; Tons Cane 
per A ere 

Q. R. 

Tons Suga 
per A ere. 

1 Yellow Caledonia 

.185 a. 

39.2 

7.15 

i 5.48 

Badila 

.223 

35.8 

6.11 

5.86 

H 146 

.364 

; 28.4 

6.15 

4.61 
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Land Titles and Surveys in Hawaii.* 

By Akthur C. Alexander.^ 

Introductory Note. 

The following article was w’ritteii for presentation to a small gathering of well- 
informed men ahd the subject is not treated in as extended or as complete a manner as 
woubl have been the case if it had l>eeii w'ritteii for publication. Anyone wishing to 
go further into the subject is recommended to read a Brief History of Land Titles 
in the* Hawaiian Kingdom,’* by W. 1). Alexander, published as an appendix to the Sur- 
veyor General’s Report in 1882 and reprinted in Thrum’s Annual for 1891; and also a 
series of articles on ‘Mjand Matters in Hawaii,” by (\ J. Lyons, published in the ” Isl- 
ander” ill IS?.") and reprinted in the Report of the Hurveyor of the Territory of Hawaii 
for 1902. The various Acts of the Legislature under w’hich the Land (’ommission w'as 
organized and operated may be found in tlie Apjiendix to the Revised Law’s of Haw’aii, 1905. 

For the benefit of other surveyors a list of those w’ho did surveying for the Land 
Commission is aiijiended (Appendix A) t<» this article with brief comments on the quality 
of their work and their individual jieculiarities. In preparing this list the w’riter has 
drawn freely on tlie exj)erience of others as w’ell as his ow’ii, and wishes here to express 
his in<lebtedn(*8s to those wiio have helped him with their comiiH'nts. There is also ap- 
pen«led (Appendix B) a discussion of the rate of change in the magnetic declination in 
Hawaii. 


Hawaiian I.and Scudivisions. 

Some knowledge of the ancient system of land siihdivision in Hawaii is 
necessary in order to understand the peculiar situation that has developed 
from it. 

The largest subdivision of land was the “moku." or district. Each of the 
four large.st islands was divided into several such di.stricts. the names in many 
cases being re])eate(h as the windward districts of Koolau and Hamakua and 
the leeward district of Kona, which appear on at least three islands. The moku 
seems to have been a geographical .subdivision only. There were no lords or 
administrators over these districts, as districts. 

Kach moku in turn was ilivided for land holding j>urj>oses into a series of 
lands called “ahupuaas,” varying greatly in size and shape. Theoretically each 
ahupuaa contained a “kai'' (sea fishery), a .stretch of “kula'' (upland), and 
some “kualiiwi” (forest and mountain land), so that it could furnish every- 
thing that might be needed by the holding chief and his retainers for their support. 
As a rule, the ahupuaas consisted of strips running from the sea up the mountain 
side and were usually bounded by natural features, such as gulches, ridges and 
streams. In many instances the ahupuaa, instead of being a continuous strip, 
consisted of a number of detached pieces called “leles.'’ This was particularly 

* Paper road before tlie Honolulu Soeial Seienoe Assoeiatioii, March 1, 1920. 

I Manager Land and Surv’ey Department, American Factors, Ltd. ^ 
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the case where a large number of lands were crowded into a comparatively small 
area, as in the vicinity of the larger towns. 

The ahupuaas were subdivided into smaller lands, called “ilis,” the arable 
portions of which in turn were divided into small tracts, called “moos,” or 
“mooainas.” These last subdivisions were for purposes of cultivation only. The 
names of the mooainas were in reality field names. The ilis varied even more 
than the ahupuaas in size and form, leles being the rule rather than the excep- 
tion. A distinct type among the ilis was the “ili kupono,” or simply “ili ku/^ 
which was an independent subdivision for land holding within the ahupuaa. In 
some cases, as in the ahupuaa of Hanapepe on Kauai, where the big independent^ 
ilis of Eleele, Kuiloa, Koula, Manuahi, etc., took up practically all the land tliat 
was of value, the ili kuponos are of more importance than the ahupuaa itself^ 

The original subdivisions were made some time in the far distant and ob- 
scure past and have been rigidly adhered to ever since. It was the business 6^ 
the inhabitants of any land to know its boundaries definitely, so that they could 
keep oflF trespassers and not trespass themselves on adjoining land. This knowl- 
edge was imparted by taking them at stated intervals on a pilgrimage around the 
land. The elaborate subdivision of the land is evidence of the teeming popula- 
tion that once existed here, which is corroborated by the testimony of early 
visitors and the evidences of cultivation that we find everywhere. In anci|||nt 
Hawaii there was no unoccupied land. It was all “taken uj).’* 

Ancient System of L.\nd Tencre. 

Originally the ultimate title to all land was vested in the reigning chief. 
No one could hold or occupy land without his consent. The communal, or tribal, 
system of land tenure existing in other parts of Polynesia did not exist here. 
The lands were parcelled out among the principal retainers of the king on his 
accession and their tenure was not usually disturbed so long as they rendered 
the service and tribute exacted by their sovereign. To have disturbed them 
might have fomented dissatisfaction and revolt, — a condition to be avoided. 
The number of lands granted any chief varied with his rank and influence. 
Under the chiefs the arable land was parcelled out again among tlie common 
people living on the land, who in turn rendered various services to their land- 
lord and cultivated certain pieces of land called "koeles” for him. In later 
years the tenants worked on the koeles once a week, on Friday, and these came 
to be called “poalimas,” poalima being the Hawaiian word for Friday. The 
tenants as a rule did not migrate and lived on the .same lands for generations. 
The fact that the landlord was dependent on them for service both in peace and 
war tended to render their tenure more stable. As may be seen it was strictly 
a feudal system, with this distinction, that the tenure of land was entirely de- 
pendent on the life of the sovereign or his ability to maintain the throne. 

The name “konohiki,” meaning originally the landlord’s agent in charge of 
the land, came in time to be applied to the land under his care, “konohiki land” 
meaning land held by a chief, i. e. an ahupuaa or ili ; and the name “kuleana,” 
meaning originally “rights,” came to be applied to the land held by the tenant. 
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Sfhall use both terms in this way throughout this paper without further expla- 
nltion. 


Land Commission and '‘Mahele” of 1848. 


: Prior to the establishment of the Land Commission, transfers of land, in 
o^er to be valid, required the approval of the king and premier. There was no 
silch thing as a fee simple title. With the advent of foreigners and foreign 
^^ness methods, it soon became apparent that a radical change would have 
made in the system of land tenure. Fortunately the king, Kamehameha 
and the leading chiefs were thoroughly alive to the situation. In 1846 there 
formed a “Board of Commissioners to Quiet Land Titles,'* commonly 
known as the Land Commission. This commission as first organized consisted 
of 1^0 white men, two full-blooded Hawaiians and one half-white. John Ricord, 
th^*attorney general, was chairman of the board. It organized and began its 
labors on February IL 18*16, and it was not dissolved until March 31, 1855, 
niiie years later. It sat as a court of record, with power to confirm or reject 
all claims to land arising prior to December 10, 1845. All claimants to land 
were required to file their claims before the Land Commission for confirma- 
tion before Februarv 14, 18-18, or be forever barred. 


^ have not time to go into the details of the great “mahele," or division, of 
the Illpds that took place in 1848. The king, to his everlasting honor, volun- 
tarily -gave up all his rights in the land, which was divided ultimately into three 
portions, — one to the chiefs, one for the support of the government, and the 
third for the sovereign's personal ti.se. These we know by the names of Kono- 
hiki, Ciovernment, and Crown I.ands.^ .\ one-third interest in the konohiki 
lands was retained by the government, and in order to get an allodial title in 
fee simple the payment c)f “commutation" to the government was required^ 
either in land or in cash equal to one-third of the unimproved value of the land 
at the time of the mahele. ( )ut of the konohiki lands were taken the holdings 
of the tenants, the “kuleanas." Thus the chiefs had to give up one-third of 
their lands to the government and a theoretical one-third to their tenants. It 
was only after a long and earnest discussion in the Privy Council that they con- 
sented to do tliis. It was a great sacrifice on their part for the common good, 
but at the same time they obtained fee simple titles that could not be disturbed, 
exce])t by due process of law. The kuleanas, as finally decided, were exempt 
from commutation, except in the towns of Honolulu, Hilo and Lahaina. This 
was on the theory that in the country districts the government commutation 
having already been paid by the konohiki, the kuleanas ought to be exempt, 


I This division is rorordod in tin* so-«*alli*d **Maholo Hook.” In this book the lands 
ludd by each chief are entered in two li.sts on opposite ]>nji:es. The king signed one list 
(|uit'c]aiming those lands to the chief and the chief signed the other list quit claiming the 
remaining lands to the king. After this subdivision was made, the king made a second 
aubdivision of the lands given up by the chiefs, setting aside the main portion for the sup- 
port of the government and retaining the rest for his own use. This second subdivision was 
inserted in the ‘^Mahele Book” after the lirst, the two resultant lists being both signed 
by the king. 
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while the town lots, not having been taken out of konohiki land, ought to pay 
commutation. 

The Land Commission worked with great energy and singleness of purpose 
and accomplished a most difficult and arduous task. They made many mistakes, 
but when one considers that nearly 12,000 individual claims were adjudicated 
by the commission, involving visits to all the principal islands and the hearing 
of a mass of testimony, it is surprising that more mistakes were not made. The 
work required haste in order to insure its completion, as there were many 
exigencies that might have stopped and undone all that had been accomplished, 
as, for instance, the death of a progressive ruler in entire sympathy with the 
work of the commission and the succession of one less liberal and helpful. 
The sins of the Land Commission were sins of omission rather than of com- 
mission, and are being gradually corrected as they come to light. AMiatever 
injustices were committed were unavoidable under the circumstances. 

Boundary Commis.sioners. 

It was manifestly impossible, with the limited time available and the scarcity 
of surveyors, to survey all the konohiki lands, and in 1852 the Land Commis- 
sion was empowered by Act of the l.egislature to grant awarils on konohiki 
lands by name only and without survey. Some ten years later, l>v another Act 
of the Legislature, Boundary Commissioners were created, to wdiom t!ie owner 
of any konohiki land might apply for the settlement of its boundaries.- It is 
nearly fifty-eight years since the first Boundary Commissioners were appointed, 
and yet there are a surprisingly large number of lands whose boundaries have 
never been surveyed or settled. In the district of Lahaina, for instance, there 
are over twenty such lands. The difficulties in the way of determining the 
boundaries of these lands have been increased immeasurably by the death of 
all the old ‘‘kamaainas” who were familiar with these boundaries. In order to 
close up the work of the Boundary Commissioners the last Legislature passed 
an act requiring the surveying and settling of all such boundaries within four 
years from July 1, 1919, and it is to be hoped that this will be accomplished. 

Awards, Patents and Deeds. 

Many of the owners of konohiki lands assigned to them in the mahele failed 
to apply for Land Commission Awards within the allotted time. For the relief 
of these, an act wa,s passed in 1860 empowering the Minister of the Interior 

2 At first there was a Boundary Commission, consisting of two members, appointed 
for each judicial circuit; then the plan of a single Commissioner for the whole group was 
tried, and finally, in 1868, the present arrangement of a single Boundary Commissioner 
for each judicial circuit was adopted. 
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to grant awards on these lands if appKed for before the last day of June, 1862. 
Sixty-four awards, known as '‘Mahele Awards,"' were issued under this act.® 

By Act of the Legislature in June, 1848, certain government lands in the 
district of Honolulu were set aside for the support of the garrison at the Fort, 
known as “Fort Lands." In 1851 these lands were sold at auction, after fifty 
acres had been reserved for the Royal Hawaiian Agricultural Society. A series 
of separate awards for these lands was issued by the Land Commission, desig- 
nated by the letters “F. L." (Fort Lands). This makes three classes of awards, 
— (1) the Land Commission Award pure and simple, (2) the Land Commis- 
sion Award F. L., and (3) the Mahele Award. 

These awards conveyed a title to the land “less than allodial," under which, 
by Act of the Legislature in 1854, the owner might bring any action at law as 
if he “had received a Royal Patent for the same." The holder of an award 
was entitled to a Royal Patent in confirmation of his title on application to the 
Mini.ster of the Interior and the payment of the commutation, but, as they could 
not be dispossessed of the land, quite a large number of owners were content 
to let things run on as they were without applying for patents. It was only a 
few years ago that a law was pas.sed providing for the appraisement of the 
commutation on all lands subject to commutation that had not been patented 
and the adding of interest to the commutation if not ])aid before a certain date. 
This has resulted in patents being issued on most of the unpatented aw^ards. 

In addition to the patents issued in confirmation of awards, there are three 
other classes of patents, — ( 1 ) patents issued on government land sales and 
homestead lots, known as “Crants”; (2) a few patents issued on government 
lots and remnants in Honolulu, known as “Public Works Grants" and desig- 
nated by the letters “P. W./' and (3) patents issued in 1883 to the Board of 
Education on various school and church lots throughout the islands. The gov- 
ernment in recent years has also conveyed title by quit-claim and exchange 
<leeds, and the writer knows of at least one so-called “adjustment deed," but 
in this case the land was also covered by a patent. There are many cases where 
more than one award or where an award and grant were inadvertently issued 
on the same land, h^xamples are also common, particularly in recent times, 
where one title has been knowingly superimj)osed upon another. This has hap- 
pened where the government has acquired land already under patent or award 
and has reconveyed it in parts, issuing patents for these parts. All this has 
tended to increase the complexity of our land titles, already complex enough. 

The crown lands, until 1865, when an act was passed making them in- 
alienable, were treated by the sovereign as his own private property and freely 
sold to fill the royal purse, which suffered from chronic depletion. These con- 
veyances of crown lands are known as “Kamehameha III and IV Deeds."’ They 
add another element of complexity to our system of original land titles, — a 
system that has simply grown without plan or forethought. 

A second act for the relief of delinquent konoliikis was passed by the Legislature 
in 1892, whereby the Minister of Interior, under certain conditions, was authorized to 
issue Royal Patents (Grants) to all kouohikis, or to their heirs or assigns, w’here such 
konohikis failed to receive awards for their lands from the Land Commission or from the 
Minister of Interior as provided by the Act of August 24th, 1860.^* This Act remained 
in force until June 1, 1895, on which date all unawarded and unassigned lauds became 
finally the property of the government. 
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Complications of Title. 

The Land Court, established in 1903, was expected to simplify matters by 
uniting in one title adjoining groups of heterogeneous titles. In time it will do 
so, but up to the present it has tended to complicate rather than simplify. 

To show the heterogeneous character of Hawaiian land titles let us take a 
hypothetical case. Suppose a tract of land comprising originally four separate 
pieces, consisting of (A) land awarded and patented, (B) land awarded and 
not patented, (C) land awarded by name and not patented, (D) land registered 
in the Land Court, is subdivided into lots for sale. The lots are put on the 
market at prices depending solely on the character of the land and their relative 
positions and not in any way on the title. The purchasers of lots containing 
only portions of (A) obtain titles that are complete. The purchaser of a lot 
containing part of (B), although he pays the same relative price, to perfect his 
title must have a description prepared of the unpatented portion of his lot, pay 
commutation on it and pay for a patent. If the lot contains part of (C), after 
having had a survey made of this part, the purchaser will also have to go before 
the Boundary Commissioner and get a Boundary Certificate before lie can pay 
the commutation and get a patent. If there is a part of (D) in the lot liought, 
he must have a plan and description prepared of this part for the Land Court 
so as to get a Land Court Certificate of Title for it. If he is unfortunate enough 
to buy portions of two or three of these pieces, he may have to pay for his lot 
twice over before he can get a clear title. This is an extreme case, but it illus- 
trates well the want of simplicity in our land titles. 

ClIAKACTKR OF EaRLY SvRVF.VS. 

The greatest defect of our land system, however, has not been its complex 
character, but has been the imperfect character of the earlier surveys and de- 
scriptions. Under the conditions existing at the time of the Land C ommission 
the wonder is that so much good work was done. W ith ten or twenty thousand 
surveys to be made at the same time, with no trained surveyors to be had, and 
with a limited supply of rather inferior instruments, the Land Commission was 
certainly '*up against it.” At the same time the members of the C ommission 
were absorbed in the legal phases of their work and did not seem to realize the 
importance of accurately describing the lan<ls awarded. A remarkably able state- 
ment of rules and principles was drawm up for the guidance of the C'omniission, 
but the surveyors that they emjiloyed had no such statement to guide them. They 
were not informed as to how they were to do their work, what land was to be 
included or what excluded, what degree of accuracy was required, or how cor- 
ners were to be marked. With a few shining exceptions, most of the surveyors 
had no idea of the value of accuracy, and the instruments used were of all 
kinds from a ship’s compass to an engineer's theodolite. No one was required 
to show his qualifications before being employed by the Commission as a sur- 
veyor, and ab.solutely no effort was made to test the accuracy of the work tione. 
As a matter of fact, under the circumstances it would have been a physical im- 
possibility to have done so. Only in rare instances were corners marked and 
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adjoining surveys made to agree. In general each piece of land was surveyed 
independently, no stakes being placed. Consequently overlaps and laches were 
the rule rather than the exception. Add to this the erratic behavior of the mag- 
netic needle here and the meager descriptions given, and you have some idea of 
the difficulties met in relocating the original boundaries of the awards and why a 
special sort of education is required in order to do land surveying in Hawaii. 

In addition to technical training and experience, a good understanding of 
the Hawaiian language is neces.sary to the local surveyor, and also some knowl- 
edge of the individual peculiarities of the early surveyors and their work. One 
of these, for instance, used a very defective compass and, while his distances 
are good, his bearings are utterly unreliable; another had a compass with the 
line c)f sight at an angle of a few degrees with its needle, so that his surveys 
have all to be swung through the same angle to fit the ground ; another used a 
theodolite and measured the angle made by each line with the magnetic bearing 
of the first course; others, instead of writing out their descriptions in terms of 
the magnetic bearings at each corner, used the average magnetic north of all 
the corners, obtained by taking back sights at each corner.^ These are only 
sam])les of the things surveyors here have U» learn by experience. The mag- 
netic needle here will often show a variation in direction of over a degree in a 
distance of a few hundred feet, and (afferent compasses will sometimes show 
almost as great a variation between their readings.*'^’ This increases still more 
the difficulty of retracing the original surveys. 

C HAxr.J'.s IX Mac’.xktic Dkclixatiox. 

Anc»ther inqxjrtant item that ha> to be allowed for in rerunning old magnetic 
surveys is the progressive change in the direction of the magnetic north. From 
the time of the Land Commission to date (March, 1920) there has been a total 
change of aj)proximately 2^ 00'. I'his change lias been in a clockwise direction. 
As a resiinlt, 2 ' (K)' must be added to all northwest and southeast bearings of 
1850, or thereabouts, in order to translate them into magnetic bearings of 1920, 
and similarly the same amount must be subtracted from all northeast and south- 
west bearings of 1850. Tlie rate of change is subject to a progressive varia- 
tion, which, though .small, is not negligible. This change in the magnetic me- 
ridian at the pre.sent time is at the rate of nearly 2.25 minutes jier annum.^’ 

RkI.OC ATIOX OF HoUXDAKIKS. 

To go on the ground without any previous preparation and attempt to locate 
the corners of an award would be folly in most cases. The problem is not nearly 
so sim])le. First, the original description .sIkuiUI be te.sted for closure. This will 
help in adjusting the sides if it does not fit the ground. A preliminary survey 
should then be made of the ground and all landmarks carefully located and 

Re(' ‘^Appendix A” to this article for list of early surveyors with comments. 

“•The local variations in the magnetic declination are discussed quite fully in “Xo. 
11” of (^. fj. Lyons’ articles in the ” Islander,” to which anyone interested in the sub’ 
ject is referred. 

See ” Appendix B” to this article for a more detailed statement as to the rate of 
change in the magnetic declination. 
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plotted on paper, the magnetic declination being observed. It requires some 
experience and judgment to determine what landmarks are pertinent. Now with 
everything on paper in miniature, the surveyor can plot on his plan the original 
survey and shift and adjust it until he is satisfied that he has the best location. 
That is not all, however; he should also take into account the adjoining surveys 
and plot them too on the plan, remembering the rule that the earlier title governs, 
for, as I have said, adjoining descriptions were not usually made to fit. Having 
satisfied himself as to where the boundaries lie, it is not a difficult matter to run 
them out and mark them on the ground. This may seem like a long drawn out 
process, but it is the only safe and sure way to proceed and is invariably the 
quickest way to get satisfactory results. It is needless to say that the j)roblem 
of overlaps and laches is one of the most difficult that the surveyor in Hawaii 
has to solve. Another difficult problem, which, however, is not peculiar to Ha- 
waii, is that of shifting natural boundaries, as streams anil shoreline. 

Work of Hawaiian Hoverx.mknt Sorvey. 

The awards issued by the Land Commission are recorded in ten huge 
volumes. There is a statement as to genci-al location, a brief descriptiim by 
metes and bounds of each parcel, usually in Hawaiian, an outline [)lan showing 
the adjoining owners and nothing more, sometimes not even as much. Prac- 
tically no general maps showing the relative positions of these jxircels with re- 
spect to each other and the surrounding topograj)hy were in existence before 
the establishment of the Hawaiian (jovernment Survey in 1S72. The work 
that was done by this survey in the following years in the way of preparing 
such maps has been of inestimable value to the jiublic. It is hard enough to 
locate a kuleana. — say in Waikiki, — with a general map of the district, but think 
what it would be without such a map ! Another great service that the ( iovern- 
ment Survey has rendered, which the general jniblic cannot a])preciate, has been 
the introduction of a system of surveying by the true meridian instead of the 
magnetic and the establishment of carefully located and marked points from 
which the direction of the true meridian can be readily obtained. Still another 
service rendered by the Government Survey has been the raising of the stand- 
ards of local surveyors and the improvement in their methods over what they 
were prior to 1(S72. It is fortunate for us that this valuable department has been 
kept almost entirely free from political interference during the many changes 
in government that have taken jilace since it was started and has been able to 
maintain throughout this period the same high standard of work and service. 

Lmi'Rovement in Standards of Sitrveyino. 

\ feature of land surveying in Hawaii that deserves mention and which 
people are not generally aware of, is the great improvement during the last 
twenty years in the quality of the work done by the local surveyors. Twenty 
years ago a survey closing within one foot in one thousand was considered 
quite accurate, even in town. What we might call ‘^precise surveying” was not 
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at all common. Now the situation is reversed and ‘'precise surveying'' is the 
rule instead of the exception. 

Several factors have contributed to this result, the most potent of these 
being the influence of the Land Court. When the title of a piece of land is 
guaranteed for all time by the government, it is absolutely necessary that it be 
described in such a manner and with such accuracy that there can never be any 
question as to the location of its boundaries. Those who were responsible for 
the drafting of the Land Registration Court Act passed in 1903 and for its early 
administration appreciated this fact fully and saw that the characer of the sur- 
veys filed was properly safeguarded. During the first few years of its existence 
the Land Court employed technical experts to check the accuracy of these sur- 
veys. Recent amendments to the act have placed this work under the Territorial 
Surveyor and require the testing of all surveys on the ground. Having been 
connected with the Land Court in an official capacity for several years, the writer 
has observed with considerable satisfaction the salutory effect its standards have 
had on the local surveyors. 

Another factor in making the local surveyors improve the quality of their 
work is the act relating to the filing of |)lans passed in 1903, and amended a few 
years later so as to require all plans filed with the Registrar of Conveyances to 
be tested and approved by the Territorial Surveyor before acceptance. It seems 
almost incredible, but uj) to the j)assage of this act land in this city was bought 
and sold by lot and block number as shown on maps co])ied in the books of the 
Registry of Conveyances, — maps which do not give the length and bearing of 
a single line and which are of such a scale and so imperfectly drawn that it is 
impossible to even a])i)roxiniate the true dimensions of the lots. Such a law 
was absolutely necessary for the protection of the public and should have been 
in force years ago. 

A third and more recent step in advance has been the application, where 
the government is involved, of the same safeguards to the surveys filed with 
the Commissioners of Koundaries. Maps are also required to be filed with 
the Commissioners to be kept as permanent records similar to the maps accom- 
l)anying I. and Court Petitions. Anyone who has dug over the records of the 
Boundary Commissioners, which only contain notes of survey unilluminated by 
ma])s, will appreciate this change. The evolution in the methods of these Com- 
missioners is worthy of note from the days when not even notes of survey were 
required and the boundaries of lands were adjudicated and settled by reference 
to natural features, to the present lime when not only are maps and notes of 
survey required, but these are also carefully scrutinized for possible errors. 

As has been shown, there has been real progress made during the last twenty 
years towards standardizing our land surveys, if not our land titles, and it is 
to be hoped that there will be no retrogression in the future. 
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APPENDIX A. 

Surveyors for t^iie Land Commission. 

Alexander, W, P. — One of the most careful surveyors of that time. 

Bailey, Bdtcard — Work was fairly good; main fault was the correcting of errors of 
closure in the office without testing on the ground. 

Baldwin, Dwight — Surveyed only one or two small pieces in Lahaina. 

Bishop, Artemas — Had no conception of the value of accuracy or the desirability of 
making adjoining surveys agree, consequently his surveys are extremely inaccurate and incon- 
sistent. 

Dillon^ James — Work was fairly good; used an engineer’s theodolite and the magnetic 
north of the initial point, a method Avhich has the fault that a blunder in reading or re- 
cording the magnetic bearing of the first course may swing the whole survey through an angle 
of several degrees. 

Dole, Daniel — Surveye<l only a few small kuleanas in Waikiki. 

ICmerson, John S. — The accuracy of his work was impairetl by the employment of an 
unreliable chainman, who, in staking out land sales, Joseph S. hbnerson reports, was in the 
habit of placing the pin in the ground beyond the end of the chain, thus giving more land than 
the calculated area called for. 

Fuller, John — An extremely careful surveyor; both Joseph H. Kmerson and K. 1>. Bald- 
win, who have had much experience in rerunning his surveys, say that he was the most accu- 
rate surveyor of his time. 

Gower, John T. — A very careless sun’eyor. 

Jfopu, Asa — This surveyor evidently used a compass that was quitt* “off center,” as his 
surveys have to bo swung about 4° counterclockwise to fit the grouml. 

Kahema, Job — Work was ])Oor. 

Kalama, S, P, — One of the most reliable native surveyors of that time, with a very ex- 
tensive knowledge of the nanu»8 and boundaries of Hawaiian lands. 

Kalanilahua, D. — As far as 1 can h*arn, not a very reliable surveyor. 

Kalina, J . — Surveyed only a few small kuleanas near Honolulu. 

Keohokalole, Abraham — Surveyed only a few small k\ileanas in Wailuku, Maui; w. ik 
was revised by Edward Bailey. 

Kittredge, Chas. S. — A well trained surveyor; work was m>t as good as one would expect 
from his training. 

Lyman, Fred. S. — A verj’ careful surveyor. 

Lyman, Henry M . — Like his brother, a very careful surveyi>r; said by U. ,1. Lyons to 
have used the average magnetic north in writing out his descri[»tions. 

Lyons, Curtis J . — Perhaps the most careful and conscientious surveyor of that time; 
use«l the “average nee<lle“ in his descriptions. 

Makalena, John — Work fairly good, except when he attempted to survey large tracts. 

Meyer, B. W . — Said to have been cslucated in (Germany as a civil engineer; a very careful 
and intelligent surveyor. 

Metcalf, Theophilus — ^One of the good surveyors <»f that time; descrilKsl by (\ J. joyous 
as “a very shrewd and practical man, whose surveys have the merit of always exhibiting and 
referring ^o natural features for fixing the lines run.” His comi)a88 is said by the same 
authority to have read about 50' to the east of magnetic north, so that his surveys should be 
corrected this amount before being nn out. 

Nahale — Did some surveying in Wailuku, Maui; work revised by Edward Ibiiley. 

Pease. IF. H . — One of the most careless ami unreliable surveyors of that time. 

Pelham, John — Another very unreliable surveyor. 

Polapola, John — Only made a few surveys of small pieces; work said to have In^en fair. 

Biehardson, George — ^Work said to have had the same fault as his brother John’s (see 
below) ; they may have used the same compass. 

Bichardson, John — Must have used a very defective compass; his distances are goo<l, 
while his bearings in most cases are quite unreliable. 
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liowf'U, G. li. — Only did a limited amount of surveying at Waiinea, Kauai. 

Thurston, Asa G. — Work was fair. 

Turner, A. F . — Said to have used an English theodolite, and, like James Dillon and Wm. 
Webster, to have written his notes out in terms of the magnetic north of the initial point. 
His surveys as a rule fit together and close well, but are not easy to rerun, many of them 
bearing strong evidence of having been * ‘ doctored. ^ ^ 

Va, L. S . — Work was good for a native surveyor; like Kalatna and Makalena, Da 
had an intimate knowledge of Hawaiian lands and bcnindaries. 

Wfhsirr, William — Perhaps the lx*st trained and qualified civil engineer in the islands 
at that time; a very careful surveyor, using a theodolite ami the initial magnetic north. 

IMost, if not all, of the early native surveyors were trained at Eahainaluna School under 
W. P. Alexander. WJiile not always reliable, they were never guilty in their kuleana surveys 
of such grossly inaccurate work as was done by some of the white men. They also had a 
great advantage over many of the white surveyors in their intimate acquaintance with Ha- 
waiian land matters and tin* language. 

APIM^XDIX P>. 

Ratk of Chanc.e in Tin: Magnetic Declination in Hawaii. 

The greatest difliiculty in determining the rate of change in the magnetic declination 
in Hawaii has been, until recent years, the lack of magnetic observations free from instru- 
mental errors. There is available a mass of readings of the magnetic needle at a great 
many diflfereiit points on the islands c(>\ering intervals of from fifty to seventy years, 
but tlu'se Ijave Iwcm made with different inslrumeiits and under such diverse conditions that 
they are ahnost valueless for purposes of comparison. 

Mr. c. J. Lyons reports that in IS.").'! he “took, with great care, the bearings of a 
number of well defined mountain summits fr(»m a known locality on Hawaii (at Waimea), 
where n<* change in the nee<lle wouhl be caused by moving 40 or .’0 feet in any direction. 
In 1M72 the same bearings were observed with the same instrument, which at both times 
was in good order. The diflFerenee was 40', plus on northwesterly bearings and minus on 
iiorf h« asterly. ' ’ This gives an average annual rate of a little less than 2', w’hich was 
adojded and used for many years by the Hawaiian Government Survey. That this rate is 
too large has been the almost universal experience of local surveyors during the last 
twenty years. 

In March and .April, IHT.'l, Prof. W. D Alexander, Superintendent of the Hawaiian 
(Government Survey, occupied a series of triangulation stations about Pearl Harbor. At 
most of these stations readings were taken of the magnetic neetlle. The.se give the magnetic 
declination, as determined by the instrument us<*d, at a number of i>oints in a region of coral 
formation remarkably free of lava rock and from magnetic disturbances of any kind. 
To get the change of magnetic declination since 1873, the writer, wdth the same instru- 
ment. in .April t)f this year (I92n), made careful measurements of the magnetic declination 
at, or near, six of the stations occupied by Prof. Alexander. The results, which were 
fairly cojicordnnt, gave a w'eiglited mean of 1® 13' for the total increase in the magnetic 
declination since 1873, or an average of l.oo' per annum. This result combined with Mr. 
Lyons’ gives a total increase from IH.'iO to 1920 of very nearly 2^ 00', as follows: 


1850 to 1853, at 2' per annum 0® 00' 

1853 to 3872 (C. J. Lyons) 0 40 

1872 to 1873, at 2' per annum 0 02 

1873 to 1920 (Alexander) 1 13 

Total 2® 01' 


The first magnetic measurements free of instrumental errors were made at various 
points in the islands by E. D. Preston of the D. S. Coast and Geodetic Survey in 1892. 
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Rimilar measurements at some .of the same points were made by L. A. Bauer and £. R. 
Frisby in 1900 and 8. A. Deel in 1906. Since 1902 a magnetic observatory has been main- 
tained by the U. 8 . Coast and Geodetic Survey at Sisal, Ewa, on the extensive coral flat 
lying between Ewa Plantation and Barber ’s Point. 

From the magnetic measurements made by Mr. Preston in 1892 and Mr. Deel in 
1906 the writer has compiled the following table: 


1 

i station 

Interval 

1 Increase in | 

1 Declination ' 

i 

Annual 

Rate 

Cocoanut Island, Hilo .. . . . 

1892.6 — 

1906.3 

27.0' 

1.9' 

j Napoopoo, Hawaii 

1892.6 — 

1906.3 

38.8 

2.9 

1 Waimea, Hawaii 

1892.0 — 

1906.3 

21.8 

1.6 . 

1 Lahaina, Maui 

1892.6 — 

1906.4 

19.8 

1.4 

! Kahuku, Oahu 

1891.9 — 

1906.2 

21.6 

1.5 

; Waimea, Kauai 

1892.7 — 

1906.4 

7.4 

0.55 

1 Honolulu, Oahu 

1S92.4 — 

1906.2 

18.8 

1.4 


The abnormally large increase in declination in the rocky region of Xapoojmo, Ila- 
Tvaii, and the abnormally small increase at Waimea, Kauai, on a rocky bluff, indicate that 
the environment is not without influence upon the rate of change. Mr. Preston in his 
report expresses the fear *^that local attraction might influence the work” at the Waimea 
(Kauai) Station. The results from the measurements taken at these places in 1900 are 
not very concordant and have been omitted. 

From the reports of the magnetic observatory at Sisal, Ewa, the following mean 
annual magnetic declinations and annual changes in declination have been compiled: 


Year 

Declination 

Annual 

Change 

! 

Y ear 

Declination 

Annual 

(’hange 

1902 

... 9° 19. PE. 


1911 

9® 32.2' E. 

0 (12.5' 

1903 

19.8 

0® 00.7' 

. 1912 

34.8 

2 6 

1904 

20 9 

3 1 

1913 

37 3 

2 5 

1905 

21.7 

0.8 

1914 

1 

39 . 6 1 

2 . 3 

1906 

23.0 

1.3 1 

1915 

41.6 

2.0 

1907 

24.3 

1.3 

1916 

43.9 

2.3 

1908 

25.7 

1.4 

1917 

46.3 

2.4 

1909 

27,3 

1.6 

1918 

48.6 

2.3 

1910 

29.7 

2.4 

1919 

:d».8 i 

«> o 


These results show a steady increase in the annual change in declination up to 1912 
and a decrease since then. 

The work of the IT. 8 . Coast and Geodetic Survey since 1892 has furnished a scientific 
basis for correcting magnetic surveys, which will become more and more valuable to local 
surveyors as time goes on and the results of the magnetic observations at Hisal accumulate. 
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Seedlings Under Drought Conditions. 

At Hamakua Mill Company eight of the so-called “400 Seedlings^’ and four 
of 1914 propagations grown under drought conditions were cut on July 24-2f\ 
1920, for use as seed in a regular variety test with Yellow Caledonia. H-470 
easily led the group of seedlings. The following table gives estimated yields and 
analysis of the juice: 

Estimated 

Yields^ 



iMr- 






S<*cd 

P. A. 

P. A. 

Var. 

cut 

Hrix 

Pol. 

Pur. 

Q. R. 

Lines 

Hags 

T. (\ 

T. S. 

H 470 

II 240 

20.2 

18.84 

93.1 

0.89 

5 

45 

27.00 

3.92 

11 46:» 

II 240 

2(K2 

18.07 

S9.0 

7.25 

7 

50 

24.00 

3.31 

fl 472 

H 240 

19.1 

1 7.00 

92.7 

7.29 

0 

48 

24.00 

3.29 

11 471 

8tr. Mcx. 

19.0 

17.74 

93.2 

7.28 

7 

54 

23.14 

3.18 

n 407 

II 140 

20.8 

18.74 

89.9 

7.00 

9 

02 

20.06 

2.95 

11 40S 

Str. Mcx. 

. . . 



. . . 

4 

28 

21.00 


H4142 

Lah. 

21.0 

19.51 

92.9 

0.00 

3 

19 

19.00 

2.88 

H 410.-) 

Lah. 

20.0 

18.30 

91.8 

7.03 

7 

40 

19.71 

2.80 

11 4174 

Lah. 

18,0 

10.80 

90.3 

7.77 

0 

43 

21.50 

2.77 

n 41.32 

Lah. 

19.8 

18.70 

94.4 

0.85 

3 

10 

10.00 

2.34 


* Lines were 12() feet In fimirin^ ton cane j>er acre, it was assumed that 1 bag of 

seed per line would give 3 tons cane jH*r acre. 

The seed cane was shi[)ped from Honolulu, May 24, 1918, so the seedlings 
were about 2() months old. 

(irown under adverse conditions, when the yields of Yellow Caledonia were 
cut in half the above figures show the behavior of some of the new varieties under 
unfavorable circumstances. 

[W. P. A.] 


Liming at Hamakua Mill Co. 


Hamakua Mill Co. Experiments No. 1 and No. 2, 1918 and 1920 Crops. 

In these two tests the com])arativc value of varying kinds and amounts of 
lime was studied. The cane involved was I) 1135, secc^id ratoons, long. The 
experiments are located in Field 19, at an elevation of 2100 feet. Both of the 
crops harvested suffered from drought, especially the 1918 croj). All the plots 
in the.se tests received uniform fertilization by the plantation. 

The lime was applied in October, 1910, for the 1918 crop. Since then no 
further applications of lime were made. 

The lime treatments to the various plots, and tabulated results are as follows: 




X = No lime. 

B = 2 tons ground lime rock. 
C-' = 1 ton quick lime. 

I) = 3^ tons quick lime. 

E = 7 tons ground lime rock. 
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EXPERIMENT NO. 1. 


Plots 

1 

j 

j Treatment* 

* 

1 

1 



Yields 

per Acre 



1918 Crop 

1920 Crop 

Cane 

Q. B. 

Sugar 

Cane 

Q. R. i 

Sugar 

A 

. . 2 tons sand 

14.7 

7.82 

1.88 

26.4 

7.65 ' 

3.44 

Adj, X . 

. , No sand 

lo.4 

7.74 

1.99 

25.4 

7.54 

3.37 

B 

. . 2 T. ground lime rock 

16. 

8.03 

2.03 

27.5 

7.41 

3.71 

Adj. X . 

. . No ground lime rock 

15.6 

7.76 

2.01 

28.4 

7.53 

3.77 

AA 

. . 4 tons sand 

15.2 

8.00 

1.90 

27.1 

7.50 

3.60 

Adj. X . 

. . No sand 

14.5 

7.75 

1.87 

26.6 

7.54 

3.53 

BH 

. ., 4 T. ground lime rock 

15.0 

7.90 

1.90 

25.7 

7.60 

3.39 

Adj. X . 

. . No ground lime rock 

15.1 

7.71 

1.96 

24.4 

7.44 

3.28 

Avj;. of 

all no lime and sand plots 

15.1 

7.71 

1.96 

26.5 

7.53 1 

3.52 

Avjr. of 

all lime and sand plots . . 

15.3 

7.93 

1.93 

26.7 

7.54 1 

3.53 


* Sand and lime applied 

October, 1916. None 

applied for the 1920 

crop. 




EXPERIMENT XO. 2. 








Yitdds per Acre 



Plot.s 

Treatment* 

1918 Oop 



1920 Crop 




Oane 

Q. K 

Sugar 

Cane 

1 

i Q. R. 

Sugar 

B 

. . 2 T. ground lime rock 

11.7 

8.12 

1.44 

20.1 

S,V) 

2.39 

Adj. X . 

. . No ground lime rock 

11.3 

8.25 

1.37 

20.7 


2.62 

(’ 

..| 1 T. (piick lime 

1 11.2 

8.48 

1.32 

20 . 5 

7.46 

2.75 

Adj. X . 

..! Xo (jiiick lime 

! 10.8 

8.18 

1.32 

18.6 

7.89 

2.35 

I) 

. dbj T. <|uick lime 

10,7 

8.49 

1.26 

20.9 

7.82 

2.68 

Adj. X . 

. .! No tpiick lime 

, 11.3 

8.25 

1.37 

20.7 

7.89 

2.62 

K 

. 7 T. ground lime rock 

11.2 

8.30 

1.35 

21.9 

8.13 

2.69 

Adj. X , 

Xo lime ro<'k 

10.9 

8.02 

1.36 

17.9 

7.89 

2.27 

A vt*ra;^c 

of all no lime j)lots 

11.0 

8.21 

1.34 

19.2 

, 7.89 

2.43 

.\ \ cm 

of all lime plots 

11.2 

8.36 

1 .34 

20.8 

7.91 

2.63 


• Limo applied October, 11M6. None applied for tlie 1920 crop. 

In four years, or during the period of two crops, lime in various forms 
has not increased the yield of cane in these two experiments sufficiently to. 
make such applications profitable. 

In I^xperiment Xu. 1, where the comparisons are between treatments of 
coral sand, a ground lime rock (a preparation which in 1916 was receiving con- 
siderable attention) and no lime, the two harvests of 1918 and 1920 give con- 
sistent negative results — that is, no increased yields were obtained from the 
lime plots. 



In the 1918 harvest of Experiment No. 2, the different lime treatments 
produced no increased yield over no lime. 

In Experiment No. 2, for the 1920 harvest, when the lime plots are com- 
pared with the adjoining check plots, the yields of cane are not consistent. The 
''C” and '‘E'' plots show slight gains in favor of lime, while the ‘‘B’' and '‘D” 
plots show losses. The average of all the lime plots show a gain of 1.6 tons 
of cane, or .2 ton sugar. 

In Experiment No. 2, an effort was made to add sufficient lime and ground 
lime rock to neutralize the acidity of the soil. However, soil samples taken in 
October, 1919, showed that the soils had not been neutralized. The acidity in 
the ‘‘D'' plots receiving the heaviest application had been reduced about one- 
half, while those receiving the le.ss amount showed no decrease in the acidity 
of the soil. 

Details of Experiment No. 1. 

Object: 

1. To test the effect of lime on acid soils. 

2. To compare the value of coral sand and ground Waianae limestone. 

Location: 

Hamakua Mill Co., Field 19, Section 49. 

Elevation of field — about 2100 feet. 

Crop: 

D 113o ratoons, long. 

Layout: 

Number of plots, 32. 

Area of plots, each 1/10 acre; consisting of 5 rows, •4.48'xl94.4'; lines 3 and 4 to be 
harvested and lines 1, 2 and 5 to be used as guard rows. 

Plan : 


APPLICATION OF LIME ON OCTOBER 10 AND 16, 3916. 


Plots 

No, of 
Plots 

Coral Sand 

Ground Waianae 
Limestone 

A 

4 

2 tons per acre, or 
400 lbs. per plot 




AA 

4 

1 

4 tons per acre, or 
800 lbs. per plot 

1 


i 

3 

t 

4 


2 tons per acre, or 
400 lbs. per jdot 



BB ! 

4 


4 tons per acre, or 
800 lbs. per plot 

i . 

i 

1 


1 

X 1 

12 

None 

None 


NOTE: — The fertilization of the experiment carried on by the plantation uniform 
with the adjoining field. 

Experiment planned by L. D. Larsen and W. P. Alexander. 

Experiment laid out by W. P. Alexander. 

Experiment harvested by W, L. 8. Williams. 
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Details of Experiment No. 2. 


UME EXf^RIMENT 
Homakua Mill Ca £i^ V f9l0 Crop 
FM€l /9. thvmtiom XtCOff. 


UME Experiment 

Hamakua Mill Co. E%p*Z,l9Z0 Crop 
Field /9. EliYatiom 2100 ft 


/ A 

29A7 



1 X 

20.73 



3 B 

20./ 7 



4 X 

91.74 



5 AA 

92.19 



6 X 

22.61 


7 m 

23.00 



B X 

20.03 



9 A 

27.00 



to X 

20.35 



// B 

30.02 



It X 

20.00 

2! AA 

24.46 

/3A4 

27.0,1 

22 X 

23.94 

M X 

21.92 

2JM 

22,07 

19 BB 

29.96 

24 X 

22.99 

16 X 

29.79 

29 A 

2/.70 

•7 A 

20.90 

26 X 

20.13 

to X 

29.41 

27 0 

22.43 

19 B 

UttmOM 

20 X 

24.70 

20 X 

99.99 

29 AA 

22.11 



30 X 

22.62 



3/ 00 

90.70 



32 X 

33.06 


pi 

S^iii 

III 

i§§| 

m 

nil 

S 

i 

li 


mni 


BOB 

BBBlI 


/ X 

1346 

2 C 

21.43 

3 0 

20.40 

*0X 

22.30 

9D 

20.79 

6 £ 

21.64 • 

7 X 

10.76 

0 C 

20.93 

9 3 

24.41 

10 X 

21 SO 

no 

21.64 

122 

21.71 

13 X 

18.12 

14 C 

19.06 


I::;-: 

h « 

■J 

«l *1 

ft 


ft 

>; «V •» 
Oft.'*; 

|S 

^ •» 

ft «ftft| 

*■ ot •> 

p 

■iii 

Hi 

* «0 -J 

* "ft ► 

LH 


K ♦ i 

h 

1 

3 c) n 

j 


1/50 

19.69 

16 X 

2201 

170 

20.56 

181 

25.37 

19 X 

1806 

20 C 

/5.0J 

21 B 

16.13 

22X 

16.1 1 

230 

20.69 

•2ft £ 

loot 

2SX 

19.76 


Object: 

1. To compare tiu* value of lime and ground lime roek, 
12, To determine the value of different amounts of lime. 


Location: 

Hamakua Mill Oo., Field 19, Section 49. 
Pdevation ol tield -al'out *2100 "eet. 


Crop: 

I) llllo, second ratoon, long. 

Layout: 

Number of ]>lots, ‘25, 

Area of plots, each 1/10 acre; consisting of 5 rows, 4.53' wide and 19*2.3' long. Lines 
3 ainl 4 are to be harvested. Lines 1, 2, o are guard rows. 
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Plan: 


APPLICATION OF LIMB ON OCTOBER lft-18, 1916. 


Plots 

No. of 
Plots 


X 

9 

No form of lime 

C 

4 

1 ton of lime per acre, or 

200 lbs. per plot 

I 

B 1 

1 

i 

4 

2 tons ground lime rock per acre, or 
400 lbs. per plot 

D j 

4 

3% tons lime per acre, or 

700 lbs. per jdot 

E i 

4 i 

1 

7 tons ground lime rock per acre, or 
1400 lbs. per plot 


Fertilization of the experiment will be uniform with the adjoining field, and carried 
on by the plantation. 

Experiment planned by L. 1). Larsen and W. P. Alexander. 

Experiment laid out by W. P. Alexander. 

J. A. \’. — W. P. A. 


Liming Gives Negative Results. 


Grove Farm lixperiment No, H — 1920 Crop, 

This was a test comparing the relative value of varying amounts of sand 
with no sand on an acid, virgin soil. The cane was Yellow Caledonia, ])lant, 
on a non-irrigated field. All plots received a uniform apj)lication of fertilizer 
by the plantation together with the surrounding field ; this included 500 i)ounds 
per acre of reverted phosphate. 

The sand was applied broadcast, and harrowed in, after which the field 
was furrowed and planted. The following amounts of .sand were apj)lied : 

X plots = 110 sand 

A =3% tons of sand 

B =6i/i 

C =9% << ** 

The results of the harvest are given as follows: 
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1 

i 

No. of Plots j Treatment 

1 

Yield per Acre i 

Cane 



1 Q- B. ' 

Sugar 

9 No sand 1 

41.9 

8.41 1 

4.98 I 

9 ; tons of sand per acre : 

40.7 

1 8.29 

4.91 

10 tons of sand per acre 1 

39.5 

8.45 

4.68 

10 19% tons of sand per acre ; 

42.0 

8.52 

4.93 1 

1 

Average of all no lime plots j 

41.9 

8.41 

4.98 

Average of all lime plots i 

40.7 

8.41 

4.84 


Cof^AL Sand On Acid Virgin Soil 

Cfovt Farm Plantation EnpaHmant *6,moCfp 



Sand Sat*d Sand Sand 


Again we obtain results contrary to popular belief and teachings. That is, 
these results, as have been the case with a large majority of our lime experi- 
ments, show no profitable response to liming, d'his applies particularly to liming 
acid soils. In acid soils we have never obtained exi)erimentally any marked 
increa.se in yields from liming. ( )n the Island of Oahu, at ( >ahu Sugar Co.* 
and at W'aipo Substation * we have obtained increased yields from Lahaina and 
II \09 when liming neutral .soils. On the same soil we obtained no response 
when liming D 1135. 

W'e realize that these te.sts do not cover the full range of Hawaiian condi- 
tions. A number of plantation managers report benefits from liming. This 
statement of the results of these tests must not be accepted as a general recom- 
mendation against liming, but rather as indicating the value of testing the ques- 
tion very thoroughly. 

Det.mls of Experiment. 

SAXO vs. XO SAND 

Object: 

1. To dotormiiio tho value of sand on acid soil. 

2. Amount to npply. 

* See Planters’ Rword, Vol. XVIIT, p. 578. 

•See Planters’ Record, Vol. XV, p. 357. 


86 


Location: 

Field 22. 


Crop: 

Yellow Caledonia plant cane on virgin soil, imirrigated. 

Coral Sand On Acid, V/rg/n Soft . 

CfWft Farm PtanhHon Btp*S,/920Cnip 
F:«U 20, 


? 



4/Si 


B 

c 

X 

4915 

4Q3S 

X 

3BitO 

A 

4fS0 

>( 

34S5 

i 

3Z80 


3AZ0 

i 

3895 

^3020 

X 

4055 

S435 

A 

3990 

38.70 

b 

4030 

33A5 

c 

3830 


k 

4030 

38J0 

A 

4095 

bl 

3940 

37.00 


4oei 

■f 

40.75 


saos 

X 

4335 


n 

48JS 

A I 


4S9S 

i 1 


4UO 


i 

i 

IhmW 

i 

1 


{ 

9) 0^ 

4 4 

flo "> 

9t 

>»>■ V 


•*. 9) 

sa 


'3 

9t 

i 5 ! 

S 3 : 

"J ^ 

i 

5 

} 

% 

Ml 

l 3 J 

II 

llj 

If 

9v 9^ 

SS j 

111 

X X 

«0 KJ 


5 

Layout: 

Number of plots =38. 

Size of plots =1/10 acre (60'x72..‘>'). 

Plots composed of 13 straight lines, 4.7'x72.r/. 

Plots are separated by 3' roadways running at right angles to the rows. 

Pla7t : 


Plots 


No. of 
Plots 


Plot Numbers 


Lbs. Sand 
l)er Acre 


X 9 2.1, 3.2, 4.3, fi.l, 7.2, 10.1, 11.2, 14.1, 1, *5. 2 

A 9 3.1, 4.2, 7.1, 8.2, 11.1, 12.2, IT). 1, 10. L», 19.2 6,r>00 

B 10 1.2, 2.3, 4.1, 5.2, 8.1, 9.2, 12.1, 13.2, 10. 1, 17.2 13,000 

C 10 ; 1.1, 2 2. 3.3, 5.1, (5.2, 9.1, 10.2,13.1,14.2,18.2 19,500 


After staking out of plots sand was applied, harrow^ed in, and then tlie land was 
furrowed out and planted. 

Fertilization to be uniform to all plots. 

Experiment planned and laid out by R. S. Thurston. 

Experiment harvested, J. H. Midkiff. 


J. A. V. 
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The Status of Lime in Soil Improvement.^ 


By Elmer O. Pippin. 

The use of lime on the soil is shown by practical experience to be needed 
by such large areas and the scientific cjuestions involved with its correct and 
economical use are revealed to be of such complicated and far-reaching char- 
acter that the further investigation of this subject is a matter of major im- 
portance in crop production and soil improvement. 

The underlying .scientific reasons for this need for lime and the functions 
performed by it in the soil and in the plant arc still matters of wide dififerences 
of opinion among investigators. This discussion ranges over the questions: 
Is there free acidity in the soil? What is the relation of free acid to the lime 
or other base-absori)tion coefficient of the soil? W'hat tests, if any, constitute 
an adequate measure of the need for lime by a particular soil for the growth 
of so-called acid-sensitive crops? Is free acidity in itself the limiting factor or 
is it correlated with some other condition which is responsible for the character 
of plant growth, such as the presence of aluminum nitrate? 

The opinion is (piite general among investigators that the need for lime is 
associated either in a direct or an indirect way with an acid condition of the soil 
as measured by the absorption of a base. ut)on which princii)le rests most of the 
methods of measuring the need for lime. 

The U.se of Ihme M.\teki.\ls in the Soil. 

Concerning the range of tolerance by diflferent crops of an acid condition of 
the soil, very little is definitely known, but a wide variation is indicated, for ex- 
ample, by the distinctions between alfalfa and blueberries or red sorrel and red 
clover. The sorrel i)lant I 12, 14)* illustrates a further fact, namely, that some 
plants have a wide range of tolerance of both an acid and a lime-rich condition 
of soil, while other plants may have a narrow range of tolerance. 

The range of tolerance of microscopic plants such as those concerned with 
the transformation of nitrogen and those concerned with the production of a 
diseased condition of plants, such as the potato scab ( .■> ) and the club root of 
cabbage, is equally important from the viewpoint of farm practice. Ihe lack 
of accurate information concernnig the tolerance of the lower plant forms is 
equally as great as it is concerning the higher j)lants. Certain it is that plants 
cannot be divided sharply into two classes, one of which will thrive only on an 
alakalinc soil while the other will thrive only on an acid soil. V\ e believe that 
every graduation of tolerance is exhibited among different plants. Herein arises 
another important point. 

Too often it has been assumed that for plants that thrive on a soil near the 

Presented at the twelfth annual nieetiufj of the American Society of Agronomy 
Chicago, 111., Kovemher 10, 1910, and reprinted in Jouriml of the American Society of 
Agronomy, A}»ril, 1920. 

1 Keference is to “Literature cited,** p. 79. 
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neutral point too much lime carbonate could not be present in the soil. The 
question might very properly be asked whether the alkaline or calcium-magne- 
sium tolerance of plants may not be quite as important to determine as their 
tolerance of the opposite or so-called acid condition. 

The investigations of Fred^ of Wisconsin, the studies of chlorosis (4) or 
inability to absorb iron in certain lime-rich soils in Florida, and field observations 
by the writer and others point to the importance of this subject. 

Effects of Lime on Soil. 

Coming now to the use of lime on the soil, including both the caustic and 
the carbonate forms, two classes of problems arise, namely, (o) What are the 
relative effects of equal amounts of the oxides of calcium and magnesium on 
the chemical, physical, and biological properties of the soil ? and ( b ) W hat arc 
the relative practical aspects of the use of these different materials? 

Several investigations are in progress on the effect of liming materials on 
the chemical nature of the soil and the soil solution, under laboratory, plat, and 
field conditions. These have not reached a conclusive stage, as is illustrated by 
the data on the relation of lime to the availability of phosphorus and to a less 
extent of potassium (1, 3). Equally undetermined is the ultimate relation of 
lime to the store of nitrogen in the soil, especially when its use is combined with 
the growth of a legume. 

Much misinformation has been given out on the effect of different forms of 
lime on the disappearance of organic matter from the soil. Here, distinction has 
not been made between purely chemical eflfects of the lime compound on the or- 
ganic matter and the biological effects resulting from the stimulation of the 
growth of microorganisms in the soil by lime materials. The growth of such 
organisms is inevitably at the expense of the organic matter in the soil. I t) what 
extent is this effect necessary and legitimate and to what extent may it be un- 
desirable? Is it a similar effect for both carbonate and caustic forms of lime? 

The statement, common in the older agricultural literature (S), that caustic 
lime applied to the soil in even reasonable amounts is especially destructive of 
organic matter, has usually been i)Ut in form to indicate that this destruction 
is a purely chemical process, , such as occurs when spontaneous combustion of 
inflammable material results from the contract of a large amount of water with 
a considerable quantity of quick lime. This idea of the destruction of organic 
matter has extended to hydrated lime, because it also has caustic properties, but 
it has no capacity for chemical union with water involving the liberation of heat. 
Further, the slacking of lime in the .soil, say as granular quick lime, cannot result 
in the rise of temperature necessary to a destructive chemical change. Unques- 
tionably there is chemical union of the lime with constituents of the organic 
matter. That this union is truly destructive of the organic substance, as would 
be indicated by the liberation, even in strongly alkaline solutions, of carbon 
dioxide, has not been demonstrated and the phenomena are not in accord with 
the known principles of organic chemistry. 

2 Personal communication to the writer. 
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The chemical and biological relations of this problem must be kept clearly 
separated. If organic matter decomposes more rapidly where caustic forms of 
lime have been used than where carbonate forms have been applied, as is fre- 
quently claimed, it raises the question whether, as a result of these more active 
chemical and biological reactions, the use of caustic forms of lime in suitable 
amounts may be better than the use of carbonate forms. Who can say what 
are the relative effects of caustic and carbonate forms of lime on the granulation 
and on the porosity and related properties of different soils? Are these effects 
the same or do they vary with different kinds of soil? Available data indicate 
that in any direct way caustic forms of lime have the largest granulating effect 
(2j on clay soils, while carbonate forms arc either nearly inactive or produce 
positively an unfavorable physical change. Do the available data on this point 
furnish an adequate guide? 

Closely connected here is the question of how long caustic lime remains in 
the hydrated form in the soil, and into what new combinations either the caustic 
or carbonate form enters in the soil. Maciniire (11) and Mooers of the Ten- 
nessee station have done much work showing, first, that caustic forms of lime are 
not chemically de.structive of organic matter; second, that recarbonation pro- 
ceeds very rapidly and is normally completed in a few days at the outside; and 
third, that magnesium and to a less degree high calcium limes rapidly enter in 
silicate combinations and that these new combinations markedly affect the solu- 
bility and movement of those constituents in the soil. Especially does the mag- 
nesium seem to increase the movement of sulphur. Conner^ of Indiana has data 
showing that calcium in silicate combination, as in basic slag, may be nearly as 
effective in performing the functions of lime in the soil as when applied in caustic 
or carbonate form. 

1m)K.MS .\Xl) I'lNENESS. 

This matter of the value of lime in certain types of silicate and similar com- 
binations is j)articularly important because it is related to the matter of fineness 
of lime materials ai)plied to the soil. If lime in these silicate forms of combi- 
nation is just as effective in affecting the yield of crops as if it were in carbon- 
ate form, it is then (fuite permissible to apply those forms of lime that enter 
most actively into these new combinations, namely, burnt lime and finely pul- 
verized carbonate, as to use the more inactive coarse carbonate. There may even 
be an advantage from the fonnation of these silicates because, first, they sug- 
gest the precipitation of colloidal silicates; second, they maintain a more mild 
alkalinity; and third, they aid in con.serving the lime materials in the soil with- 
out interfering with their usefulness. 

(irowing out of this .same (juestion of fonn and fineness is the question of 
the movement of lime through the soil and the possibility of loss from leaching. 
The lysimeter data ( \0) collected at Cornell University during five years do not 
show any increase in loss of calcium and magnesium when lime is applied. These 
short-period data are vitiated by the existence of a large amount of limestone 
in the deep subsoil, which would tend to mask any movement from the surface 


^ Personal coinmnriication to the writer. 
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soil. Macintire has found the leaching of lime through a deep section of soil 
to be essentially independent of the rate of application in any ordinary period 
of a few years. Let it be noted here that we are not concerned with what may 
happen in a thousand years, but with what is the practical loss from the vertical 
soil section that will occur in three, five, or ten years, which is as long a period 
as the application of lime is intended to cover. 

The analysis of the soil of one of the fields at Rothamsted (6) shows the 
presence of as much as 3.3 per cent of carbonate of lime in the surface 9 inches 
and none in the second 9 inches. This carbonate of lime seems to be the result 
of application of chalk so long ago that the record is lost. Its persistence in 
the soil and the lack of movement into the subsoil indicate how slow is the 
movement of lime materials. 

We come now to the question of suitable fineness of limestone. Wt have 
largely disposed of the question of extreme fineness. The next question here 
is, how large may i)articles of lime carbonate be and still perform the full 
functions of such material in the period for which it is apjdied, namely, from 
three to six years or for an average rotation? l^^'irst of all, let us he reminded 
that certain processes in the soil are inhibited, as compared with their o])eration 
in a free liquid. This is especially true of ditfusion. Lime carbonate is soluble 
in an acid solution, and will continue to dissolve as long as the acid is present in 
contact with the material. In the soil, the question arises, through how wide 
an area of soil does diffusion operate when this soil is in the oj)timum moisture 
condition? I^Tom most of the investigations available it seems to be very slow, 
and to reach a very short distance from the point of solution. If there is more 
lime in a particle than is required to neutralize the acid solittion or satisfy the 
lime-absorption coefficient of the soil within the active range of the surface of 
the lime particle, then at the end of this reaction the remainder of the particle 
of lime will be essentially sealed in a shell of the alkaline soil where it may re- 
main for a long period except as it is di.sturbed by mechanical means. 1 low- 
coarse may a particle be before this condition occurs in the average acid soil? 
Is the maximum size of such a particle as large as one-fourth or one-tenth (d 
an inch in diameter, or is it down around one-fiftieth to one-eightieth of an inch 
in diameter? The practical data on this point arc very meager. ( )hscrvations 
on calcareous glacial soils reveal particles of carbonate of lime in soils the greater 
part of which arc distinctly acid to litmus and wdiich respond with larger crop 
growth where lime is applied. Experimental field data (7, 9. 13, 1.^) are avail- 
able for so short a period or have been secured under such conditions of soil, 
crop succession, and rate of application as to make them of questionable value 
as a guide in this practical matter. Certain it is that such .studies are not ade- 
quately conducted unless four conditions are met : 

1. The soil must be di.stinctly in need of lime throughout a vertical section 
at least 4 feet deep from the surface. 

2. The limestone must be sorted into rather narrow textual divisions and 
used in oxide-equivalent amounts. 

3. The rates of application should range from a very small quantity, such 
as 200 or 300 pounds, up to as large a quantity as several tons. 



91 


4. The crop should be one sensitive to an acid soil condition and one not 
able to succeed in that soil without lime. 

A fifth condition may be added, namely, insurance that there is an ade- 
quate supply of nutrients such as phosphorus. The question of suitable fineness 
cannot be regarded as settled in any sense, nor is it sufficient to advise the use 
of a large quantity of coarsely ground material on the chance that there may be 
enough fine material to supply the needs of the soil for good plant growth. This 
runs into economic questions A further point involved is the extent to which 
the time element may compensate for lack of fineness. 

Field Experiments at the Present Time. 

Almost none of the field exj)eriments involving the study of lime materials 
is designed in a way ade(|uately to investigate any one or more of the important 
scientific and practical problems involved in the use of liming materials on the 
soil. Certainly no adc(juate data of that sort have accumulated This is not 
meant to ca.st any undue reflection on such carefully maintained or long con- 
tinued work as that at the < )hio, Pennsylvania, and other stations. In the ])lan- 
ning of those experiments the natural human limitation attaching to the investi- 
gations in a new field has been involved. 

Relation (»f I'okm of Li.me to the Tvi*e of Soil. 

The (juestions of caustic vs. carbonate lime, fine vs. coarse lime, calcium vs. 
magnesium, and the amount of lime necessary for ])articular croi)s have not been 
settled by .scientific investigations and for the guidance of practice must rest 
largely on the empirical results of field trials. Such empirical or practical field 
data as well as real experimental work should include results obtained on a 
inunber. of types of soil. It is not safe to draw conclusions from results on 
a single type of soil. 

I'inally, the practical aspects of these (juestions are embodied in laws cover- 
ing the .sale of liming materials, which are now widely divergent in procedure 
and requirements, and reflect the unsettled state of the general knowledge on 
the subject. Certainly, the essential elements of a lime-inspection law must be 
very much the same in the different States. If it is oxides of calcium and mag- 
nesium with which the fanner is concerned, then the first step would seem to 
be to rej)ort all forms of liming materials, both carbonate and caustic, on the 
basis of their oxide content. If fineness is a factor in value, then the fineness 
of carbonate materials should be rejMirted for a standard series ot screens rang- 
ing in size from the coarsest material that has a])preciable value down to as fine 
materials as seems to be of importance under field conditions. The United States 
Bureau of Standards has recently promulgated a new system of specifications 
for testing screens, and all provisions for screen analysis should be in harmony 
with these sj)ecifications and uniform among the different States. 

I hoj>e that the information, energy, and facilities of all the workers in the 
field of soil and croj) improvement may be pooled in <ome kind of a broad con- 
ference to study all these questions, and as rapidly as possible to standardize our 
information and [)ractices with reference to the use of lime in soil. 
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|\V. P.A.J 


Effect of the Relative Length of Day and Night and 
Other Factors of the Environment on Growth 
and Reproduction in Plants. 


Messrs. W. W. Garner and H. A. Allard' have shown that relative length 
of day and night has been found to exert a remarkable influence on growth 
and reproduction in a number of different plants which have been studied. 
The work was done near Washington, D. C., where the summer days are 
long. Plants were grown in wooden boxes, galvanized iron buckets, or or- 
dinary flower pots, depending on the size and growth habits of the species in 
question. Test plants were placed in a dark house for a portion of each day, 
while controls were kept outside and exposed to the full day period of illumina- 
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tion. Most test plants were exposed to light for five, seven or twelve hours 
daily. Those exposed for five hours were taken from the dark house at 10 
A. M. and returned to the dark house at 3 P. M. daily. Those exposed for 
seven hours were taken from the dark house at 9 A. M. and returned at 4 P. M., 
while those exposed for twelve hours were taken out at 6 A. M. and returned 
at 6 P. M. 

Soybeans, tobacco, wild asters, beans, carrots, lettuce, radishes, and a num- 
ber of other plants were tested. It was found that each species, and, in fact, 
each variety, can attain the flowering and fruiting stage only when the length 
of the day falls within certain limits. Rate of vegetative growth is directly pro- 
portional to the length of the daily exposure to light. Light intensity within cer- 
tain broad limits does not seem to be a factor of much importance. How greatly 
the rate of growth may be influenced by shortening the daily period of illumina- 
tion may be seen from the following table, which summarizes some of the results 
obtained with four varieties of soybeans. The heights given in the table arc 
based on measurements of twenty to twenty-five plants in each case. 

TABLE SHOWING HOW (iROWTH OF SOYBEANS IS CHECKED BY SHORT- 
ENING DAILY PERIOD OF ILLUMINATION 

‘ Height of PlautH Illuminated for: 


Variety 


Duration of Test 


3 Hours 
Daily 


7 Hours 12 Hours 
Daily Daily 


Mandarin May 20 to dune Id 

Mandarin May 20 to June !.*» 

Mandarin June 11 to Julv 21 


6-7 in 18-20 in. 

9-10 in 19-20 in. 

in. 32-33 in. 


Peking May 20 to July 21 

Peking May 20 to July 21 ' 

Peking June 11 to Aug. 6 


5-6 in. 42-43 in. 

8 in. 45-48 in. 

14-15 in. 39-40 in. 


Tokyo May 20 to July 29 

Tokyo May 20 to July 29 

Tokyo June 11 to Aug. 21 


7-8 in 49-50 in. 

7-8 in 49-50 in. 

17-18 in. 42-43 in. 


Bilo.xi May 20 to Sept. 4 

Bilo.xi May 20 to Sept. 4 

Biloxi June 11 to Sept. 8 


6-7 in 57-58 in. 

11 in 57-58 in. 

23-24 in. 54-55 in. 


It will be seen from the table that shortening the natural period of illumina- 
tion, and thereby the working day of the .soybean plant, greatly reduces its rate 
of growth. 

The variety Mandarin is early maturing; Peking, medium maturing; Tokyo, 
late maturing; and Biloxi, very late maturing. For plantings in the field ex- 
tending through the month of May, the average number of days from germina- 
tion to blossoming was approximately 27, 56, 70 and 103, respectively, for Man- 
darin, Peking, Tokyo and Biloxi. Under the influence of a daily exposure to 
light of twelve hours or less, all of these varieties became early maturing. In 
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other words, it seems that the reason Mandarin is an early variety, and Biloxi 
a very late variety, is to be found in the fact that Mandarin attains the repro- 
ductive stage under a long daily period of illumination, while for Biloxi a short 
daily period of illumination is necessary before it will blossom. Mandarin 
comes to blossom during the long days of June and July. The short days of 
September are required to bring Biloxi to flower. If the length of day is arti- 
ficially shortened, Biloxi also will blossom during June and July. 

The other plants studied gave similar results. It secerns that sexual repro- 
duction can be attained by plants only when they are exposed to a sj)ecifically 
favorable length of day. It is thought that relative length of day through the 
year is an important factor in determining whether many plants behave as an- 
nuals, biennials, or perennials. It is also thought to be an important factor in 
determining the natural distribution of plants. The effect of the relative length 
of day on the time of blossoming of cultivated plants is an important factor in 
crop yields. It emphasizes the importance of seeding at the proper time. 

K.l 


Notes on Double Polarization Methods for the Deter- 
mination of Sucrose and a Suggested 
New Method.* 


By Geo. W. Rolfe and L. 1'. Hoyt. 

The well-known principles and methods of douldc ])olarization ai)])]ied in 
the analysis of commercial sugar products need not be detailed here. The metli- 
ods in use depend on the assumption that the change in optical rotation of a 
sugar solution, which is the measure of the sucrose, is the result of tlie inver- 
sion of the sucrose only. One of the chief objections to the original method 
of Clerget and Herzfeld arises from the fact that the direct reading is made on 
a practically neutral solution and the invert reading on a strongly acidulated 
one. Much work has been done in developing improved methods of procedure 
to prevent or at least mitigate the errors which are introduced under these con- 
ditions, especially in sugar e.stimations of low-grade products where the change 
in acidity causes changes in the o])tical rotation of the sugars, other than sucrose, 
which arc present. Those who are interested in the.se investigations may be 
referred to the voluminous and familiar papers of Pellet, Sidersky, Anderlik, 
and others. As the field has by no means been exhausted, even so far as to 
develop methods which really meet many of the requirements of commercial 
analysis and general research, the present paper is published as suggestive of a 
new line of attack of the problem. 

In making up the solutions two lots of commercial granulated sugar were 


* Journal of Industrial and Engineering Chemistry, March, 1920. 
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used— one from the Standard Refinery of Boston, polarizing 99.95 and the 
other from the Revere Refinery, polarizing 99.99. The factors of inversion for 
these sugars were obtained by the Clerget method, modified by carrying out the 
inversion at room temperature, and by the method of Herzfeld, likewise modi- 
fied. Table I gives these factors (see also Table II). 

TABLE I. 


Method 

Clerget 

Sugar U8ed. 

Standard Granulated 
Revere Granulated 

1 i*n<' 

22.0 

22.0 

Temperature 
“ C. 

23 

28 

Factor 

144.56 

144.17 




Average 144.37 

Ilerzfold 

Standard Granulated 
Revere Granulated 

21.5 

21.5 

28 

28 

142.43 

142.67 


Average 142.56 


Tl is well known that the factor obtained by the invcrtase method of Hudson 
is much lower than that obtained by the Clerget and similar procedures, and it 
is also known that this is caused by the fact that the acid augments the invert 
reacling. W’bat does not seem to be so well known, if it has been published at 
all, is that ttcHtrali!:cd acid-inverted solutions give larger readings than the orig- 
inal acid solutions. Apparently neutralization does not affect the increase in 
rotation caused by the acid, but the reading is still further increased by the salts 
formed in neutralization as shown in Tiible II. 


TABLE ir. 


Difference. 

0.87 
0.70 
0.75 

Average 0.77 

An invert-sugar solution, made by heating a .V 2 ( saccharimetric) sucrose 
solution with 0.01 normal hydrochloric acid on a boiling water bath for 30 min., 
gave the factor 141.7, agreeing with that given by Browne for a neutral solu- 
tion, as was to he expected, since the acidity was negligible. Adding hydro- 
chloric acid in the proportion u.sed in the Herzfeld method increased the reading 
by — 1.35. Addition of the ecjuivalent amount of sodium hydroxide to produce 
a neutral solution, gave a further increase of — 0.60. 

Some work was done with the modification of Andcrlik, in which urea is 
used as a retardant of the inversion when the direct reading is made in the pres- 
ence of the usual amount of hydrochloric acid. Our experience with this method 
on cane products was unsatisfactory, as the direct polarization changed rapidly 
and indeed, was (piite unmanageable when the temperature approached 26^. 
This method, therefore, would be inapplicable in raw-sugar work in the tropics, 


(Motlunl of Herzfold.) 


Factor for 


Test. 

Aci<l S(dution. 

Neutralized Sedution. 

1 

142.43 

143.30 

2 

142.60 

143.3.0 

3 

142.66 

143.41 
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however satisfactory it may be for low-grade beet products. Our tabulated re- 
sults, which are not given here since the method has already been adversely 
criticized by Browne and others, show that unless the direct polarization is com- 
pleted in less than 3 min. the error from inversion change is too great to be neg- 
ligible. Glycocoll as a substitute for urea proved still more unsatisfactory. 

Inversions With MoNi>- and Trichloroacetic Acid. 

It seemed desirable to find a substitute for hydrochloric acid which would 
invert so slowly at ordinary temperatures as to permit direct readings without 
error, and yet be sufficiently acid to effect complete inversion uj)on convenient 
heat treatment. Accordingly, the following investigations were made with 
mono- and trichloroacetic acids, which had the great advantage of giving no 
troublesome precipitate with the soluble lead salts which were left after clari- 
fying. The affinity constant of trichloroacetic acid is given as 73.4 and that of 


monochloroacctic acid 

as 4.8 on 

the basis of HC1 = 

100. 



TABLE III. 




Direct 

Saccharimeter 

Heading. 


With O.o G. 

Trichleroacetic With 0.5 G. 

Monoehloroacot 


Acid. 


Acid. 

Time 


Temperature 

Time 


Min. 

Heading. 

** C. 

Min. 

Heading. 

3 

50.00 

19.2 

5 

50.00 

5 

50.00 

19.3 

6 

50.00 

7 

50.00 

19.4 

8 

50.00 

10 

50.00 

19.6 

10 

50.00 

15 

50.00 

19.3 

15 

50.00 

20 

49.90 

20.4 

20 

50.00 

30 

49.75 

20.6 

30 

50.00 

40 

49.70 

20.9 

45 

49.85 

60 

49.55 

21.4 

60 

49.80 

90 

49.30 

21.6 

25 lirs. 47.50 

(13.0 fif. 

of sucrose 

in 100 cc.) 




The first series of experiments (Table III) was to determine the rates and 
factors of inversion at ordinary temperatures of half (sugar) normal solutions 
of sucrose containing 0.5 g. of mono- and trichloroacetic acids, respectively. These 
two solutions were heated in stoppered flasks for 30 min, in a boiling water bath, 
and inverted smoothly without discoloration, giving constants of 142.2 in both 
cases. 

These inversions of pure .sucrose solutions of commercial concentration 
promised a satisfactory method, but Tolman’s ob.servations on citric acid inver- 
sions have shown that soluble acetates have a marked inhibitory effect. It was 
calculated that 1 cc. of lead acetate (sp. gr. 1.26) would leave soluble acetate 
equivalent to 0.123 g. of sodium acetate. A half (sugar) normal solution of 
sucrose was therefore made up with 0.3 g. of monochloroacctic acid and 0.625 
g. of sodium acetate, the latter equivalent to 5 cc. of lead acetate, which was 
considered the maximum for all ordinary commercial polarizations. It was found 
that acetate in this amount retarded inversion in the cold to such an extent that 
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there was no change in the direct reading for several hours, and even 30 min. 
treatment at 100° gave only 15 per cent inversion. The retarding influence of 
the soluble acetate could be overcome by increasing the amount of chloroacetic 
acid, but in the case of trichloroacetic acid this was not practicable because, if 
enough acid was used to complete the inversion of a AV2 solution, it gave a 
reading of 49.90 after only 4 min. in the cold. 

Two grams of the trichloro-acid in the presence of 0.625 g. of soluble ace- 
tate caused an inversion of only 94.3 per cent in 30 min., 3 g. being necessary 
for complete inversion. 

With the soluble acetate omitted, 3 g. of trichloroacetic acid accelerated the 
inversion in the cold as shown. 


AV2 solution, polarizing oO.OO. 


At end of r* min 49.8r> 

At end of 10 min 49.75 

At end of 25 min 49.60 


Furthermore, the trichloroacetic acid, decomposing in the water bath, fre- 
quently gave oflf so much chloroform vapor as to burst the flasks. With mono- 
chloroacetic acid there is a slight dejircssion of the ])olarization caused by the 
addition of the acid and acetate, as a similar X 2 sugar solution at the end of 
2 min. gave a reading of 49. S5 which remained constant through observations 
of a few minute intervals carried on for over an hour. 

A sample of C uban sugar, clarified with 2 cc. standard basic lead acetate 
solution per AV2 weight and treated with 3 g. of monochloroacetic acid, gave 
a constant polarization for over an hour. 

TABLE IV— EFFECT OF AC’ETATES OX IXVEKSlOX FACTOR OF A AV2 (SAC- 
OHARIMETRIC) SOLUTION OF SUC'KOSE INVERTED BY 3 G. 

OF MONOC^HLOROAUETIU ACTI) AT 300^ C:. 


Sodium Ai'etato 

Time of 



j»er 100 

Heating 

.Vverage Value 

Xo. of 

G. 

Min. 

Inversion Factor 

Observations. 

Xoiio 

30 

141.02 

10 

0.0625 

30 

141.00 

5 

0.125 

30 

141.05 

4 

0.325 

30 

141.10 

1 

0.500 

30 

141.00 

5 

0.625 

30 

140.32 

1 

0.625 

60 

141.06 

3 


To test the eflfect of an e.xcess of lead acetate clarifier, a .V 2 sucrose solu- 
tion to which had been added 1 cc. of lead acetate clarifier, 0.5 g. of sodium 
acetate, and 3 g. of monochloroacetic acid, was found to resist inversion for 30 
min. in the cold but inverted smoothly in the boiling water bath in 30 min. with 
no signs of discoloration, the inversion factor being identical with that of a lead- 
free solution similarly treated. Table I\" shows the influence of varying amounts 
of sodium acetate on the inversion factor obtained with monochloroacetic acid. 
It will be seen that the inversion is incomplete after 30 min. boiling in the pres- 
ence of more than 0.500 g. of soluble acetate. 
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To test the effect of sodium chloride two inversions with monochloroacetic 
acid were made in the way described in the above series, one with 0.625 g. of 
acetate and 0.65 g. of sodium chloride, the other with 0.65 g. of sodium chloride 
only. The factors obtained were 141.04 and 141.08, respectively, showing that 
a sodium chloride content up to 5 per cent of the weight of the sample does not 
affect the inversion. 

Whenever sugar solutions are inverted at a high temperature with hydro- 
chloric or monochloroacetic acid there is a noticeable lag in the polarization even 
after the solution has reached temperature equilibrium with that of the sac- 
charimeter, the constant reading being always (numerically) greater than the 
initial. This lag, usually lasting but a few minutes, has been repeatedly noticed 
in solutions treated by the Clerget and Herzfeld methods, and is greater the less 
the acid content. When N /IQO HCl was used the initial polarizations were as 
much as two divisions lower numerically than the final constant value. W'ith 
chloroacetic acids the lag is smaller but it lasts longer (Table V ). The ])ossible 
causes of this lag will not be discussed at this time. 

TABLE V— LAG OF POLARIZATION OF VARIOI^S INVERTED SFGAR SOLUTIONS. 



A 



— B 

t 

— „ - 



Time 

Reading. 

Tern]). Time 

Reading. 

Temp. Time 

Reading. 

Temj». 

Atiii. 


Deg. Min. 


Deg. Min. 


Deg. 

6 

11.50 

18.6 7 

13.50 

19.8 5 

12.00 

19.4 

7 

12.20 

18.8 8 

13.90 

19.8 6 

12.75 

19.5 

9 

13.00 

19.7 9 

14..30 

20.0 8 

13.60 

20.0 

10 

1.3.15 

20.2 10 

14..50 

20.3 10 

14.20 

2(».4 

12.5 

13.50 

21.0 12 

14.70 

20.8 15 

14.85 

20.8 

15 

13.80 

21.4 15 

14.85 

21.3 20 

14.95 

2 1 2 

80 

14.15 

21.4 20 

14.90 

21.6 30 

14.8.5 

21.7 

60 

14.40 

23.2 .30 

14,80 

22.0 100 

15,35 

22.0 



Hrs. 


Hrs. 



75 

14.30 

23.0 20 

1.5.85 

20.0 18 

16.10 

20.0 

100 

14.00 






Hrs. 







20 

1.5.20 

j) 


_ 




Time 

Reading. 

Teinj). Time 

Reading. 

Tenq). 



Min. 


Deg. Min. 


Deg. 



6 

1.3.60 

22.1 3 

12.70 

21.4 



10 

14.10 ' 

22.4 4 

13.25 

21. .5 



15 

14.30 

22.4 5 

1 3.5.5 

21.7 



27 

14.85 

22.6 7 

14.05 

22 2 



40 

14.70 

23.6 14 

14.35 

22.6 



Hrs. 







23 

15.80 

20.0 25 

14.50 

23.2 





40 

14.50 

23.5 





Hrs. 







2.25 

14.50 

23.5 





4 

15.10 

23.6 





24 

15.76 

20.0 


A — JV/2 Suero«e solution iiivortefl by 

0.01 j>er cent HCl at 100®. 



B — N/2 Sucrose solution inverted by 

0.01 normal HOI at 100®. 



C — N/2 Sucrose solution inverted by 

0.5 g. trichloroacetic acid at 

100®. 


1) — Sucrose solution inverted by 8 g. monochloroacetic acid with 0.625 g. of 

Na('oH:,Oo. 

E — N/2 Sucrose solution inverted by 3 g. monochloroacetic acid and 0.625 g. of NaOoH.tOo. 
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The factor 141.0 has been adopted as correct for a monochloroacetic acid 
inversion, and is based on the series of inversions of pure sucrose shown in Table 
VI. 1 lie 60 min. inversions showed some decomposition, as indicated by the 
lower factor. If, however, low-grade products, requiring as much as 5 cc. of 
clarifier, are inverted, the time should be increased to 1 hr., owing to the re- 
tarding influence of the soluble acetates. This is made clear in Table IV. 

TABLE VI— DETERMINATION OF INVERSION FACTORS BY THE MONOCHLO- 

ROACETTC ACID METHOD. 



lo Min, 

30 Min. 

60 Mill. 


141.60 

141.14 

140..30 


140.08 

140.92 

140.3S 


141.20 

140.90 

140.40 


140.98 

140.90 

140.20 


141.16 

141.00 


Average . . 

. 141.20 

140.97 

140.32 


To compare this method with the invertase method of Hudson, accepted as 
the standard method for accurate results, an invertase solution was prepared 
from compressed yeast. Half-normal sugar solutions were inverted at about 
30 C. with varying amounts of this solution. The results are given in Table VII. 

TABLE VII— INVERSION C’ONSTAXTS BV INVERTASE MKTHOD OF HUDSON. 
Time of Inversion. Faftors for Voluim* of Invertase Solution UsimI. 


Hrs. 

.■) Cf. 

7.3 vi‘. 

10 n*. 

21 

140.46 

141. .34 

141.68 

43 

141. .34 

141.34 

141.72 

70 

141.70 

141.72 



Time permitted only comparative tests by the invertase, Hcrzfeld and mono- 
chloroacetic melliods on two samples of Cuba seconds and one of refinery bar- 
rel syrup. In the invertase tests the solutions were carefully “deleaded” accord- 
ing to directions by Browne.' In the other tests the minimum amount of basic 
lead acetate to clarify was used. Table VHI shows the comparative results by 
the three methods, making it clear that the monochloroacetic acid method gives 
results much closer to those obtained by the standard invertase method than does 
the Herzfeld method. 

i '‘Handbook of Snjrar Analysis,” p. 276. 
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TABLE VIII. 

A — Comparison of Double Volarizaiion Tdethods, 


Sample. 

Method. 

1 

1 

Direct j Concen- 
Polariza- j tration of 

tion. ; Solution. 

1 

Invert 

Polariza- Per Cent 

tion. (All Factor 

Readings , Used- : gucroBO. 

in Ar/2 • j 

Solution.) 1 1 

Cuban Second 
Sugar No. 1438 

Invertase 

Monochloroacctic 

Herzfeld 

88.01 ; N 

44.44 ; .V/2 

80.01 N 

1 

—14.10 . 141.70 ; 88.24 

—1.3.31 141.00 j 88.45 

—14.38 142.66 88.63 

Cuban Second 
Sugar No. 1323 

Invertase 

Monochloroacctic 

Herzfeld 

i 

88.40 N 

44.00 A72 i 

88.23 N 

—11.18 141.70 , 84.08 

—11.26 141.00 84.36 

—12.16 142.66 83.04 

Barrel Syrup 
from Am. Sugar 
Refinery 

Invertase 

Monochloroacctic 

Herzfeld 

34.63 N 1 

17.39 S'/2 i 

35.02 A" ! 

—6.65 141.70 ^ 36.35 

—6.46 141.00 36.41 

—6.93 142.66 i 36.85 


B — Pcrcenlatje Difference between Per C< ni of Sucrose by Three Methods. 

Monoclilorusicetic llerzfcld Ilerzfold 


Sample. minus miinis minus 

Invertase. Jiivertase. M(m(K*lil(»roa<*eti»* 


Cuban Second No. 1438 0.21 0.39 0.18 

Cuban Second No. 1323 0.28 0.96 0.68 

Barrel Syrup 0.06 0..>0 (b44 


The effect of the monochloroacctic acid method on commercial glucose read- 
ings was briefly investigated. 

Many analysists do not realize that commercial glucose is not a well-defined 
chemical compound, but may vary considerably in composition and physical char- 
acteristics. The average glucose of today is considerably lower converted than 
that of a few years ago, so that the Ventzke rearling of 175 for the {sucrose) 
normal weight under standard conditions of polarizing is too low. In fact, the 
sample of gluco.se used in the present investigation showed a Ventzke reading 
of 177.85. 
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TABLE IX— EFFECT OF MONOCHLOROACETIC ACID ON COMMERCIAL GLU- 
COSE READINGS IN DOUBLE POLARIZATION METHOD. 


Test Made. 

[ Readings 

with 

No Acid. j 

Readings with 

3 g. Monochloro- 
aetdie Acid. 

Difference. 

1 Total 

j Difference. 

Before heating 

(a) 8H.70 1 

(/>) SS.IO 

(a—i»)=0.60 j 

1.89 

After heating 

88.09 

i : 

(r) 8(5.81 

(b— c)==1.27 j 


Before heating 

(a) 88.19 , 

(h) 88.(J.*> 

(n— &) =0.44 

1.99 

After heating 

88,50 

(c) 8(5.85 j 

I 

(b—c) =1.50 

— 

Before heating 

{(I) 88.52 

(h) H7.98 1 

(«—/>)= 0.54 

1.85 

After heating 

8H..53 

(<•) -815.67 

(h—r) = 1.31 

.... 


Average 1.88 


Table IX shows tlie polarization effect of nionochloroacetic acid, as used in 
the double polarization method described, on an ai>proximately 10 per cent solu- 
tion of this glucose.^ 


SUMM.\RY. 

The following double polarization method is suggested as a result of these 
investigations. Dissolve the normal weight of sample in a 100 cc. flask, clarify 
with an appro[)riate amount of lead acetate, make up to volume and filter (the 
usual j)rocedure for commercial polarizations). Transfer 50 cc. of filtrate to a 
UK) cc. flask, add 15 cc. of a 20 per cent .solution of monochloroacetic acid, make 
U]) to volume with water, and polarize within 15 min. after adding the acid. To 
invert, transfer about 50 cc. of the solution to a 50 cc. flask, stopper tightly by 
tying down the cork, and immerse flask in boiling water, maintaining active ebul- 
lition for 20 min., or for (K) min. for low-grade products clarified with a large 
amount of lead acetate. Remove flask, and cool quickly to room tem])erature. 
Allow to stand at least 2 hrs. and polarize in 200 mm. tube with thermometer. 

2{a—h) 

— X 100 

t 

141 

S .-rr: pi‘r cent SiK’oiMO. ^ — Invert rojuling. 

a = Direct reaOiiig. ^ Temperature. 

All solutions shouhl be made and polarized as nearly as possible at 20 . 

The advantages of this method are: 


4 


2 Weber and McPherson’s investigations, (d. Am. rhom. Soe., 17 1895). 312, 320. 
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I — Direct and invert readings are made on a solution of unchanged acidity 
and sugar concentration. 

II — Excess of basic lead acetate, equivalent to one cc. in a half (sugar) 
normal solution, does not affect the inversion or produce troublesome precipitates. 

III — It gives more accurate results than the Herzfeld method. 

IV — Inverted solutions of low-grade products are lighter in color than those 
inverted by the Herzfeld method, and therefore easier to polarize. 

V — No error is introduced by making up to volume after inversion. 

The chief disadvantage seems to be the time required, but this is less than 
that required by the invertase or the more rational modifications of the Clerget 
and Herzfeld methods in which the inversion is carried out at room tempera- 
ture, which requires at least 22 hrs. The actual time required in manipulation 
is little, if any, more than that taken by the usual methods. 

[\V. R. M.J 


Recent Work of the Rothamsted Experimental Station. 


By Guv R. Stewart. 

There is no institution that makes a greater aj)peal to the interest and im- 
agination of the agricultural worker than the Rothamsted Experimenal Station 
at Harpenden, England. This unique organization was founded by John Bennet 
Lawes, who began experiments on his estate about 1S34. In 1S43 systematic 
field experiments were commenced, and Joseph Henry Gilbert was engaged as 
chemist and director. He continued in his association with Sir John I. awes till 
his death in 1901. The relations of these two students of agriculture were won- 
derfully close and cordial. Together they planned the experiments which were 
to be carried on far into the future. 

On some of the experimental plots the .same scheme of ])lanting and fer- 
tilization has been followed from 1843 to the pre.sent day. Certain rearrange- 
ments were made on a portion of the fields in 1852, but even so they are by far 
the oldest experiments in existence. 

The Rothamsted Station has never been connected with any other organiza- 
tion. For a long period it was maintained entirely by Sir John Lawes. In 1889 
he formed a trust for the continuance of the investigations, setting aj)art for 
that purpose the laboratory which had been built by public subscription and 
presented to him, the land on which the experimental tracts were located, and 
a trust fund of 100,000 pounds. 
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Since that time various private gifts have been made to the station, as well 
as certain grants from the Board of Agriculture, for the investigation of special 
problems. 

The purpose of the institution has always been to study the fundamental 
relations of the soil and the crop. Even though its work has been planned to 
study the underlying scientific principles upon which agriculture is based, the 
Rothamsted investigations have constantly been of enormous practical value to 
the agriculturist. 

The last triennial report, which reached us during the past year, has many 
suggestive items in its pages. Two-thirds of the station’s staff had joined the 
army or entered the (Government service during the early period of the war. 
Women were engaged to take the places of many of the men, and so the more 
important lines of investigation were carried on, and new emergency problems 
were undertaken. A long and varied list of inquiries was referred to the station 
by various governmental agencies. These covered reclamation schemes, fertilizer 
problems, utilization of waste material, and food production problems. The long 
time investigations were not neglected, but four major lines of work were taken 
up to handle the immediate questions. These groups were, (1) the economical 
use of manure, (2) the plowing up of grassland, (3) the control of soil organ- 
isms, and (4) the nutrition of plants. The results obtained on all these lines are 
of permanent interest and value for scientific agriculture. 

Barnyard manure has been the most ini|X)rtant fertilizer in Europe for many 
generations. It is believed that 37,(X)0,(XX) tons per annum are made in Great 
Britain, with a cash value of at least $.^3,0(X),000. Previous work has shown 
that approximately half the nitrogen was ordinarily lost in storage and handling. 
Two causes were found to operate, namely, exposure to the weather, and dete- 
rioration from the air that penetrated into the heap. 

In ])revious investigations, barnyard manure has been studied mainly as a 
source of nitrogen, but in tlie work carried out at Rothamsted it was found that 
this was too narrow a view, and that the organic matter plays an imporant part. 

A considerable part of the manure heap is made up of straw, which, farmers 
have generally recognized, must undergo a certain amount of decomposition be- 
fore the best results could be obtained. It was now found that the unchanged 
straw goes far to neutralize the benefits of the other fertilizing materials, and 
in extreme cases it may actually decrease the crop. C'hanges and fermentation 
in the cellulose and carbohydrate constituents were found to be essential to its 
fertilizing value. 

This dependence upon manure as the j)rincipal farm fertilizer is only pos- 
sible under a system of diversified farming. The most progressive American 
farmers have attempted to supply the nitrogen and organic matter which the 
English farmer obtains from manure by the use of cover crops. Excellent re- 
sults have been obtained from these crops where they have been turned under 
in a fresh succulent state. Owing to the shortage of rainfall that often occurs 
in the semi-arid western states, .some farmers have tried dry straw to supply 
organic matter. The general result has been a distinct reduction of fertility that 
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corroborates the Rothamsted manure experiments. It is quite possible in the 
Hawaiian Islands that some of the decrease in yield experienced in the drier 
regions, when cane trash is turned under, may, in the same way, be due to the 
harmful effect of the undecomposed woody tissue. 

The problems connected with the breaking up of grassland, which took place 
in England during the war, produced a number of interesting points. Insect 
pests, such as wireworms, developed in astonishing numbers, so that soil steril- 
ization by heat was found to be necessary for their control, though this was only 
feasible for high-priced truck crops. 

The weed flora began to give immediate trouble. I'hc land plowed up had 
been in grass for ten years, but careful experiments showed that the lower layers 
of the soil, to a depth of at least twelve inches, contained vital weed seeds. 
Studies were then made of land thirty years under grass, and it was found to 
produce a copious crop of weeds. Land sixty years in grass gave a smaller 
number of weeds, while land two hundred years in grass produced none at all. 

Studies were also made of the losses in stored-up fertility of grassland 
when cultivated. Here it was found that just as with virgin soils, the greate.st 
loss of fertility was due to the oxidization and changes caused by cultivation, 
and that this loss was greater than the plant food removed by the crop. 

The work on problems of the soil bacteria have shown an interesting rela- 
tionship between the numbers of bacteria and protozoa. It has been found that 
the protozoa multiply at the expense of the bacteria, and that when this was the 
case the soil became unhealthy for plants. Certain truck gardeh and hot house 
soils showed this trouble, and it was found that it could be remedied by soil 
sterilization. 

In the field of plant nutrition, numerous papers have recently been pub- 
lished from the Rothamsted station. These bear directly on the fundamental 
relationship of the plant to the soil. They take up the concentration of the 
medium best suited to plant growth. Other studies present information as to 
the formation of carbohydrates in root crops. Cane sugar was the sugar first 
formed in the leaves. This was transformed into simpler sugars in order to 
permit its transfer to the root, and again converted into cane sugar for storage. 

Reference to the future jflans of the Rothamsted Station clearly show the 
relationship it bears to the 'practical problems of English agriculture. The 
director points out that since the farmer’s task in the future will be to increase 
his yield, the problems connected with this will necessarily determine the ])ro- 
gram for future research work. Some of the questions that relate to wheat 
production are now being faced by the station. “We must strengthen the straw, 
improve the tillering, regulate to some extent the development of grain, and 
control the pests. Until these are all solved, we cannot hope to get much further 
with increased wheat yields.” 

Such a record of accomplishment and constructive planning for the future 
is inspiring to us, even though we do not face the varied questions of diversified 
farming, and are far distant from the disturbing problems of Europe. 
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Low-Grade Sugar Cane Molasses.* 


By W. H. DalrymllkJ 

There is, perhaps, no stock-feeding material that has aroused so much 
general interest among stockowners and feeders in this country as low-grade 
sugar-cane molasses, or “blackstrap.’’ And, as inquiries concerning this ma- 
terial have become so numerous, from all over the country, the publication of a 
short article on the subject, setting forth its main features as a feed, has been 
deemed desirable at this time. 

The term “blackstrap” is given to the low-grade uncrystallizable residue of 
the sugar-making, or sugar-refining, process, which at one time, in Louisiana 
at least, w^as discarded as of no economic value, and, consequently, wasted, so 
far as its feeding importance was concerned. 

The use of molasses as an appetizer and tonic for stock has been in vogue 
with owners and feeders for quite a length of time, however ; but as a food 
nutrient of the carbohydrate class, its extensive and intelligent adoption dates 
back only to more recent years, and it is being utilized now, not only as a regular 
ingredient of mixed rations on plantations aiifl farms, but by the commercial 
world in the various so-called “sweet feeds’* that are to be found upon the market. 

It should be understood, however, that while blackstrap is a most valuable 
food of its class, it is not a perfectly balanced food in itself, as it supplies, in 
the main, only one of the nutritive elements (carbohydrates) of a mixed and 
balanced ration. 

It is valuable for at least four \ery good reasons, viz.: (1) Its palatability ; 
( 2 ) under normal conditions, its cheajmess as a source of the carbohydrate cle- 
ment — sugar; (3) its high carbohydrate content — approximating 53 per cent; and 
(4) the almost complete digestibility of its contained carbohydrates. 

It is the writer’s o])inion that the marked success which has attended its 
adoption during the past number of years is almost wholly due to its palatability ; 
its condimental effect in j)roinoting more perfect digestion of other feeds fed with 
it ; and the readiness with which it can be a])sorl)ed into the blood system of the 
animal for purposes of nutrition. 

The earlier analysis of blackstrap sho\Ncd a somewhat higher percentage 
of carbohydrate.s — sugar; but owing to the increased efficiency in the process of 
jiroducing sugar today, the per cent of its carbohydrates has been reduced to 
some extent. 

The following may be taken as an average of its composition at the present 
time : 

Dry Mutter Water Ash Carbohyilrates 

Vc 9r Vf 

77.75 22.25 H.U 53.58 

Some years ago the writer addressed a questionnaire to some forty-seven 


* Louisiana Planter, May 15, 1920. 

1 Director Louisiana Experiment Station. 
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large sugar plantation owners in Louisiana to try to obtain some more or less 
definite information regarding results they might have had after utilizing their 
blackstrap in the feeding of their work mules, the number of which approxi- 
mated 4,500 head. In the replies received, practically everyone conceded to a 
considerable saving in the amount of his feed bills, ranging from ten to fifty per 
cent or more ; and all seemed to refer to the marked diminution in the number 
of cases of dietetic troubles, such as colic, etc. ; and that the health, and, there- 
fore, the capacity of the animals for work, was very much improved. 

One could scarcely wish for a higher endorsement of any food product, 
in the case of horses and mules at least. 

The feeding of molasses is not now confined to horses and mules, however ; 
it is being used with equal success in the feed-lot, in the dairy, in the hog-pen, etc. 

From inquiries received, it would seem that some feeders, not hitherto ac- 
customed to the use of molasses, do not appear to quite understand how it should 
be used to the best advantage. 

Here it may be stated that its economic use would depend upon the avail- 
ability and cost of other carbohydrate concentrates. 

For example, if corn should be expensive, and molasses considerably cheaper, 
it would reduce the cost of the ration if part of the corn should be rei)laced by 
its equivalent weight of molasses, as the sugar in the latter, while not quite equal 
to in amount, aj)proximatcs the starch in the corn, both of which have the same 
chemical composition. However, we do not deem it altogether advisable to make 
a complete substitution; but a partial substitution will frequently economize in 
the use of corn under high-priced conditions. 

Again, it is better to feed molasses where the other ingredients of the ration 
are in a crushed or mealy condition so as to insure better mastication, or chew- 
ing, of the whole. When fed with whole grains alone, such as oats or corn, 
there is a tendency or liability on the part of the animals, es])ecially horses or 
mules, to ^‘bolt^’ their food without the necessary chewing of the grains. 

For a well-balanced and economical ration for different classes of animals, 
we submit the following example : 

For horses or mules -weiKhiiig 1,000 lbs. doing hard work and per day; 

2 lbs. Cottonseed meal. 

6 Cracked corp or clioj^s. 

6 or 7 Blackstrap. 

12 Peavine, alfalfa, lespcdeza, or any of the good leguminous hays. 

fj. A. V.] 
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Report of the Committee of the American Chemical 
Society to Formulate Specifications for the Construc- 
tion of a Polariscope for Laboratory Use.* 


By W. D. Bigelow, Chairman. 

Before the committee was appointed there had been considerable corre- 
spondence among sugar chemists regarding the desiderata for a polariscope for 
ordinary laboratory use. The correspondents included the sugar chemists of the 
United States, Hawaii and Cuba, and there were several conferences in the vari- 
ous places among the men who could arrange to meet. The correspondence re- 
garding this matter was available to the committee and greatly facilitated our 
work. It has not been possible for our committee to arrange a meeting which 
all members could attend and most of our con.sultation has been by correspond- 
ence. There has been much personal conference among individual members of 
the committee, however, and one conference was arranged at which five mem- 
bers of the committee were present. W'e have also had the advantage of the co- 
operation of manufacturers of optical instruments in this country, one of whom 
has made a ])olarisco])e during the last year which complies with the require- 
ments of the committee. 

General Construction. I'he general construction of the saccharimeter out- 
lined in these specifications should be as simple and substantial a-^ possible. All 
parts of the in.strument should be easily accessible and the number of bolts and 
screws for holding the ])arts in ])lace should be reduced to the necessary minimum. 

So far as possible the instrument .should have smooth, plain surfaces and 
be without unnecessary ornamentation. An irregular ornamented surface affords 
grooves and crevices for the accumulation of dirt and is not easily cleaned. 

The instrument should meet the re<iuirements of exposure to a humid trop- 
ical climate and must be constructed to withstand corrosion. 

The construction of the saccharimeter, so far as possible, should be of such 
a type that repair parts can be furnished separately, thus obviating the expense, 
the delay, and the danger of shipping the entire instrument. W herever this is 
not practicable manufacturers .should undertake to make re])airs in a satisfactory 
manner without undue delay. 

Hei(/ht. The standard height of most saccharimeters from table to center 
of field eyepiece is between 32 and 34 cm. This height is convenient for manipu- 
lation with the elbow of the operator resting upon the table and has found most 
general approval. 

Mounting. The saccharimeter should be mounted upon a rigid trestle sup- 
port and not upon a tripod. Instruments mounted upon tripods are unstable and 
easily turned out of alignment, the result being an error in the zero point. 

The base of the trestle should be a solid piece of metal at least 2 cm. thick, 


^ Journal of Industrial and Kngineering Chemistry, May, 1920. 
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the bottom edge of which can rest at all points upon the table. A base elevated 
above the table by supporting knobs or projections lacks rigidity and has the dis- 
advantage of permitting cover glasses and other objects to escape underneath. 

As many chemists prefer to fasten their instruments to the table, the base 
of the trestle should be provided with slots or screw holes to facilitate this. 

Lamp Supports. The lamp end of the trestle should be designed to accom- 
modate a strong removable bracket for the convenience of those who may wish 
to use it as a lamp support, thereby keeping lamp and instrument always in un- 
disturbed alignment. 

The holder of the lamp must be placed at the proper focal distance and should 
be adjustable. Bracket and holder should be designed so as to prevent transmis- 
sion of heat to the polarizer of the instrument. 

For rooms of constant temperature the lamp should be in a separate room. 

Trough. The trough, or tube holder, should be of solid metal, in one piece, 
and sufficiently thick to prevent denting or bending under ordinary conditions 
of usage. The diameter of the trough at the top should be about 3 cm. and 
should be adjusted exactly to fit the end pieces of the observation tubes. The 
cross-section of the trough should be semi-circular in shape. A wedge-shaped 
trough does not give the necessary support to inversion tubes or other tubes of 
unstable equilibrium. 

The length of trough should be 42 cm. This length is necessary for the ac- 
commodation of the control tube which is used for verifying the accuracy of the 
scale. The short 20 cm. trough does not permit the use of the control tube and 
is also inadequate for the polarization of sweet waters and other dilute solutions. 

The base of the trough should be supported to the frame of the trcscie and 
there should be a 2 mm. space between its ends and the rest of the instrument. 
This clearance allows the escape of any liquid which may be spilled in the trough 
and protects against warping of the trough and transmission of heal to the oj)tical 
parts when polarizations are made at high temperature. Tht base of the trough 
must be parallel with the optical axis of the instrument. 

The trough should be made removable for the accommodation of other forms 
of tube supporters or baths that may be needed in special cases. ( )\\ ing to the 
corrosive action of solutions, which may be spilled inside the trough, the screws 
for fastening the trough should be on the outside. 

Trough Cover. The trough should )»e provided with a hinged cover for 
excluding light. The cover should be long enough to cover the 2 mm. space be- 
tween the trough and splash-glass holders, and should fold back to a horizontal 
position where it can be used in case of need as a receptacle for tubes. 

The hinges of the cover should not be riveted. Many chemists find the 
trough cover an encumbrance, and for the convenience of such it should be easily 
removable. 

For the convenience of tho.se who u.se continuous, or side-filled, polariza- 
tion tubes, a slotted cover should be provided as an optional accessory. 

Splash Glasses. The .splash glasses at the ends of the trough, for protect- 
ing prisms and wedges against du.st and drops of liquid, should be mounted in 
holders which can be quickly removed, cleaned, and replaced without the use cf 
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tools. Slip holders with a tension spring are most generally preferred, and they 
should be designed to prevent sticking. 

The two holders should be as near alike as possible, at least 1.5 cm. deep 
and so constructed that glasses can be easily removed for cleaning. For ease 
of replacement when damaged, the splash glasses should be of the same size as 
the standard polariscope tube cover-glass. 

Quartz Wed(jes. For a commercial saccharimeter all chemists prefer the 
compensating single-wedge system. The wedge should be of sufficient length to 
give a range of scale from — 35 to 115 sugar degrees. 

If quartz of sufficient optical purity to give this lower range cannot be se- 
cured, a dextro quartz plate should be provided as an accessory for use in invert 
polarization. 

The driving mechanism of the wedge should consist of a vertical rod sup- 
ported to the front of the trestle frame and provided at the bottom with a milled 
head about 7 cm. from the table and convenient for operation with either hand. 

The spiral rack and jiinion with which the driving rod connects should op- 
erate smoothly and without lost motion. 

Scale. The scale should be etched iij)on ground glass and read by trans- 
mitted light obtained from the light source of the instrument. The design of 
the instrument should be such that the scale can be illuminated, when continuous 
or control tubes are in upright position in the trough. The range of scale should 
be from — 35 to 115. This upper limit is necessary for those who wish to de- 
termine purities without diluting below 20"" Brix. 

Tlie scale should have an adjustable double vernier, for plus and minus de- 
grees, and should easily be read to 0.05' . to which end the magnifying power 
of the reading microscope should be amply large The error of scale graduation 
should nowhere exceed 0.05 . 

The adjusting screw for moving the vernier to the zero point of the .scale 
should operate positively in cither direction. In some instruments a spring is 
designed to act when the adjusting screw is withdrawn. The objection to such 
a spring is its liability to stick and not to operate as intended. 

Before shipment, the scale of each instrument should be carefully standard- 
ized at suitable intervals throughout its entire range and the standardization values 
should be incorporated permanently in some way upon a plate attached to the 
instrument. 

Protection Case. Scale and wedges should he enclosed in a tight protec- 
tion case to prevent deposition of dust or spattering with drops of liquid. The 
covering of the case should he easy to take off, when it is desired to gain access 
to scale or wedge, hy the removal of a few fairly large-size screws. The rim of 
the protection case should have a covered aperture for inserting the key of the 
adjusting screw. 

W’henever desired the front of the case should be provided with a small 
thermometer having a range of 10® to 40® C. and with its bulb near the quartz 
w^edge. The thermometer should be arranged so that it can be read in a dark- 
ened compartment by light obtained from the lamp which illuminates the instru- 
ment. 
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Screen. The protection case should be designed to accommodate a re- 
movable screen to protect the eye which is not in use from the glare of the lamp. 
The screen should have a diameter of about IS cm. at the level of tlie two oculars. 

Analyzer. While the analyzer is one of the parts which should require 
least attention, there are occasions when it needs to be adjusted. It should be 
made fairly accessible and be provided with simple means for firmly securing the 
adjustment. 

Light Filter. The light filter should be placed between the polarizer and 
light source of the instrument and should be so supported that it can be quickly 
thrown into the field or out without disturbing the position of the instrument. 

The standard bichromate cell should consist of a glass tube 3 cm. long en- 
cased in a metal jacket with threaded ends to accommodate the screw caps for 
holding the glasses. The cell should have a sufficient diameter so as not to re- 
quire refilling because of air bubbles during an ordinary campaign ( or more 
than twice a year). 

Many chemists desire a lightly ground glass over the aperture at the lamp 
end of the instrument to equalize the light. Such a glass, if properly tinted, 
might serve the double purpose of light filter and equalizer. As a matter of con- 
venience the instrument should be equipped with a light filter consisting of a 
glass plate of the same depth of color and absorptive power as the standard light 
filter. 

Oculars. The oculars in front of the instrument for reading field and .scale 
should focus with a screw motion. The sliding eyepiece is objectionable, owing 
to the ease with which it is pushed out of adjustment by the face of the ob.server. 

The distance from center of field eyepiece to center of scale eyepiece varies 
in present instruments from about 3 to 6 cm. For convenience and rapidity in 
reading, the interval between the two eyepieces should lie within these limits. 

Field. American chemists with few exceptions ])refer the customary double 
field with vertical semi-circular halves. The field should be of good size, shan)ly 
defined, and not obscured with the rim or halo of extraneous light, which results 
from improper optical construction. 

Polarizer. The preferences as to polarizer are divided between the Lij)pich 
and Jellet-Cornu prisms. Many chemists, while admitting certain advantages of 
the Lippich polarizer, complain of its frequent disintegration along the sharp 
edge of the half-prism upon which the telescope is focused, the result being an 
imperfect or shattered field. The disruption of the half-prism may result from 
a jar to the instrument or it may take place from no apparent cause. More sac- 
charimeters are made unserviceable for this reason than for any other. The 
difficulty of repairing the damage, owing to the extreme fragility of the parts, 
renders the Lippich polarizer less suited for localities which are far distant from 
repair shops. Many chemists, on the other hand, who admit the greater stability 
of a modified Jellet-Cornu prism, complain of its lower degrees of .sensitiveness 
owing to the pronounced dividing line of the field, the result either of too thick 
a film of balsam between the halves of the upper part of the prism or of imper- 
fect alignment of the polarizer. The defects peculiar to each type of prism can 
largely be overcome by careful manufacture. There are many stable Lippich 
poIarizer^s and many Jellet-Cornu prisms that are satisfactory in sensibility. 
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If manufacturers can make repairs rapidly and can furnish extra inter- 
changeable half-prisms of easy adjustment, the usefulness of the Lippich polar- 
izer would be much widened and the majority of chemists in fairly accessible 
localities would probably then prefer it. For remote tropical countries where 
repairs are difficult and time-consuming a modification of the Jellet-Cornu prism 
would probably be the better type. For these reasons the type of polarizer should 
in great measure be left optional with the purchaser. In their manufacture of 
polarizing prisms manufacturers should take every precaution to insure stability 
and to prevent drying out and cracking of the films of balsam cement. 

A very serious complaint from tropical countries is the infection of the 
])olarizer, analyzer, and other optical parts of the instrument by molds, the 
mycelia of which grow over the prisms, corroding their surface and obscuring 
the field. KflForts to ])revent infection by enclosing the parts more adequately 
have not proved successful. The best means of preventing the growth of molds 
seems to be a construction that j)ermits of easy accessibility and removal of parts 
for cleaning and for placing in desiccators during periods when the saccharimeter 
is not used. 

Moiiutitu/ of Prisms. ^^’ax, as a mounting material for prisms, has proved 
objectionable in warm climates on account of its softening. A mounting in cork 
and plaster is said to be the most satisfactory. 

Half -shad 010 Aiujlr. The fixed half-shadow angle of the polarizer in most 
saccharimeters varies from 5 to 9 angular degrees, the choice of angle by diflferent 
manufacturers seeming to de])end somewhat upon the length and pitch of the 
(juartz wedge. It is j)robable that for general commercial purposes the half- 
shadow angle should fall within this range. The sensibility is greater but the 
intensity at the end-point is less with the smaller half-.shadow angle. Recent 
improvements in electric stereopticon lamps with concentrated filament and high 
candle power make it possible for manufacturers to adapt saccharimeters to a 
lower half-shadow angle than was formerly the case. For a normal weight of 
2i) grams tlie fixed half-shadow angle should have a magnitude of at least 7^ 
for the average class of sugar factory raw products. The angle may be smaller 
than this for colorless products. The angle may also be reduced for raw products 
with instruments which are adapted to a normal weight of 20 or 16.29 grams. 

Chemists who work constantly with dark-colored syrups and molasses pre- 
fer a polarizer with a rather wide half-shadow angle. It would, therefore be a 
distinct advantage if manufacturers could supply interchangeable polarizing prisms 
— one with a medium half-shadow angle between 5 and 8 angular degrees and 
anothei with a higher half-shadow angle between 9 and 12 degrees. 

Polarizing j^risms should be mounted in metal holders which can be easily 
removed and inserted and the adjustment of which can be quickly and securely 
fixed. 

The sleeve, or cover, which protects the polarizer should be efeisy to take 
off by the removal of a few fairly large-.sized screws. 

The standard temperature for the calibration of saccharimeters shall be 
20® C. For laboratories w'orking at a temperature materially different from 
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this, correction of polarizations to 20° C. may be made at discretion by any of 
the following methods: 

1 — By the use of a table of temperature corrections for each particular 
product. 

2 — By changing the normal weight. 

3 — By changing the capacity of the flask. 

4 — By changing length of normal tubes. 

5 — By having a scale calibrated by the manufacturer so that it is correct 
for the temperature desired. 

With the exception of the first method these methods of correction are strictly 
applicable only to products which contain no other optically active constituent 
than sucrose. For general sugar house and food products containing several 
sugars, in case constant temperature polarization at 20° C. is not permissible, 
Method 1 gives results which are nearest to those obtained at the standard tem- 
perature. 

Standard or Normal Wkkdit. 

A large majority of chemists beliexe that the present is a most suitable time 
to abandon the inaccuracies and inconveniences of previous national standards 
and to agree upon a saccharimctric scale which shall be accurate, convenient, 
and so far as possible international. From opinions expressed by leading chem- 
ists in America, England and France, it is apparently more easy to secure general 
agreement, in these three countries at least, upon the so-called intcrnatir)nal nor- 
mal weight of 20 grams proposed in 1896 by Sidersky and Pellet. According 
to this standard the 100 degree point of the .saccharimeter scale shall indicate the 
polarization of 20 grams chemically pure dry sucrose dissolved in distilled water 
to 100 metric cc. and polarized in a 20 cm. tube, the temperature of solution and 
instrument to be 20^ C. and the illumination to be white light filtered through a 
solution of potassium bichromate of .such concentration that the percentage con- 
tent of the solution multiplied by the length of the layer of solution ip centi- 
meters is equal to nine. 

While many chemists believe that all saccharimeters hereafter manufactured 
for American use should be graduated solely according to this j)roj)ose(l inter- 
national standard, it is the opjnion of this committee that pending international 
agreement upon the question manufacturers of saccharimeters should standardize 
their instruments according to the scale desired by the individual j)urchaser. 

In the adoi)tion of an international saccharimeter standard this committee 
believes that — in order to avoid the numerous unfortunate changes which in the 
past have characterized previous standards, and in order to have absolute accu- 
racy and uniformity in different parts of the world — the percentage content, spe- 
cific gravity, refractive index and angular rotation of the normal sugar solution, 
and the angular rotation, in terms of sodium and mercury monochromatic light, 
of the quartz plate, which shall read 100 upon the saccharimeter scale, should 
be established by carefully conducted experiments in the governmental labora- 
tories of the different countries; and that from the results thus found inter- 
national agreement shall be reached, in regard to the final values, upon which 
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manufacturers shall base the standardization of their instruments. The U. S. 
Bureau of Standards has already completed investigations upon the rotation 
values and other constants of the 26 and 20 gram normal sugar solutions. 

It is not intended that the establishment of an international normal weight 
shall throw out of use the large number of saccharimeters which are at present 
doing excellent service. The transition is to take place gradually as in the change 
from Mohr to metric cc. Old instruments as they wear out are to be replaced 
by instruments with the new scale. Owners can also have their old instruments 
rescaled, but this should be done only when the accommodation of scale, polarizer, 
lenses, etc., secures an equal or greater accuracy in reading. If an old instru- 
ment is not rescaled it should at least be standardized and the weight of j)ure 
sucrose necessary to read 100 upon its scale be engraved or stamped upon a plate 
attached to the instrument. Correction of instruments by the adjustment of an 
incorrect scale to a correctly standardized quartz plate is open to criticism, as a 
scale thus adjusted is accurate only for the reading of the plate and a consid- 
erable error may be introduced at other points of the scale, especially when read- 
ings have to be corrected for dilution. [R. S. N.] 


Effect of Varying the Amount of Inoculum and Concen' 
tration on the Deterioration of Sugar by Molds.* 


By Xu iiitLAS 

In a ])revious paper- it was shown that a decrease in concentration of films 
of known concentration in laboratory-made sugars was responsible for an increase 
in deterioration when heavily inoculated with mold spores. The industrial ap- 
plication of this conclusion is determined by two important variable factors, 
namely, the concentration of the films surrounding the sugar crystals, and the 
degree of infection. Therefore, a further investigation of the influence of these 
factors was considered necessary. 

The method of procedure was identical with that outlined in the previous 
article, except that the incubation period was 5,5 mo. instead of one month. A 
series of sugars with films of known composition was made in the laboratory by 
coating large crystals of sterilized sugar with sterilized blackstrap molasses and 
60 Brix sugar syrup in definite proportions and purging in the centrifugal, a 
method previously employed with success. Blackstrap molasses, 5 6 blackstrap 
+ 1/6 syrup, 4/6 blackstrap + 2/6 syrup, and 3/6 blackstrap 3 6 syrup when 
arranged in order of increasing moisture ratio are designated as Concentrations 
A, B, C, and D, respectively. These sugars were inoculated with Asperyillus 

* Journal of Industrial and En^rineering Chemistry, May, 1920. Read before Louisiana 
Section of the American Chemical Society, Xovember 21, 1919. 

1 Department of Bacteriology, Louisiana Sugar Experiment Station, New Orleans, La. 

•Journal of Industrial and Engineering Chemistry, 32 (1920), 256. 
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niger, Aspergillus Sydowi Bainier and Penicillium cxpmisum, at the rate of 100, 
1000 and 10,000 spores per gram. At the end of 5.5 mos. incubation at room 
temperature the contents of each flask were analyzed for sucrose by direct po- 
larization and modified Clerget, and for reducing sugars and moisture. It lias 
already been shown® that the most satisfactory criterion of deterioration of sugar 
is the gain in per cent of reducing sugars. In order to summarize the results 
as briefly as possible, there is given in Table I the increase over check of the 
averages of closely agreeing triplicate determinations of reducing sugars. The 
abbreviation M. R. stands for moisture ratio, which value is derived as follows: 
Moisture 

M. R. = ; ; Asp. n. is the abbreviation for Aspergillus nigcr, 

100 — Polarization 

while Asp. S. B. and Pen. represent Aspergillus Sydowi Bainier, and Penicillium 
expansum. 

TABLE I— SUMMARY SHOWING THE INFLUENCE OF AMOUNT OF MOLD IN- 
OCULUM ON THE DETERIORATION OF SUGARS WITH FILMS OF KNOWN 
CONCENTRATION. INCREASE IN PER CENT REDUCING SUGARS OVKR 
CHECK. 


CoiicentratioM. 


No. Spores 

M. 

A 

B.= 

0.14. 

i 

1 M. 

B 

R.= 

0.16. 

M. 

V 

R.= 

0.18. 

M. 

D 

R. = l 

[).24. 

per Gram. 
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100 
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0.09 

0.01 


0.09 

0.07 

■ 

0.10 

0.10 

1000 


0.02 

0.02 


0.05 

0.04 

0.12 

0.22 

0.17 

, 0.04 

0.18 

0.18 

10,000 

0.04 

0.21 

0.11 

0.03 

0.12 

o.n 

0.27 

0.31 

0.28 

0.12 

0.27 

0.28 


It will be seen from this table that in every instance but one an increase in 
the number of spores per gram caused an increase in per cent of reducing sugars 
over check. This held true hot only at every concentration employed, varying 
in moisture ratio from 0.14 to 0.24, but likewise for every organism used at any 
single concentration. This fact is very significant and indicates conclusively 
that an increase in degree of inoculation of mold s])orcs at any definite concen- 
tration is responsible for an increase in deterioration (^f sugar. This corrobo- 
rates our previous work where solutions varying from 10 to 70 per cent were 
employed,** as well as the results obtained in the experiment just concluded/^’ 
where an inoculation of 100,000 spores per gram at each of the above-mentioned 
concentrations was employed. A closer .scrutiny of the results presented in Table 
I reveals the fact that the increase over check of reducing sugars with an inocu- 


^ Louisiana Bulletin 1 66. 

4 J. AfTY, Res. 18 (1920), 537. 

5 Journal of Industrial and Engineering Chemistry, Loc. cit. 
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lation of 100 spores per gram is insignificant at practically all concentrations. 
The same is true of an inoculation of 1000 spores in the two higher concentra- 
tions, namely, A and B. This is of practical importance in defining the limits 
at which deterioration occurs, since in plantation granulated sugars the moisture 
ratio may be said ordinarily to be below 0.18. It is generally considered that good 
Cuban raw sugar likewise should have its moisture ratio below 0.25 to 0.33. 
Thus, it might be inferred from the foregoing data that where the moisture 
ratio is below 0.18, mold infection of less than about 5,000 spores per gram would 
cause slight, if any, deterioration. As a rule we have rarely found sugars 
which had more than 250 mold spores per gram, although no quantitative sur- 
vey has been carried out as exhaustively as might have been desirable. 

When the two lower concentrations C and D are considered, we find that 
there is evidence of deteriorative activity with 100 spores per gram, while with 
more than 1000 spores the deterioration is quite appreciable. It would appear, 
therefore, that for safety (from the standpoint of mold infection) a sugar having 
a moisture ratio of 0.17 to 0.18 would have to contain less than 1(30 mold spores 
per gram. On the other hand, a mold infection of more than 10,000 .spores per 
gram will cause a deterioration in sugars with moisture ratios varying from 0.14 
to 0.24. It may be noted in this connection that in the previous investigation an 
inoculation of 100,000 spores per gram was responsible in one month for a de- 
terioration in sugars with moisture ratios varying from O.OS to 0.20. 

An interesting fact which corroborates all our previous work with sugars, 
as well as solutions, is that at any definite concentration and with an equal num- 
ber of s])ores per gram Aspergillus Sydowi Rainier is more effective than Pent- 
ciUium cxpansum, which in turn is more effective than Aspergillus niger in de- 
teriorative activity. 

T.\BLE II— SUMMARY SHOWING THE INFLUENCE OF CONCENTRATION OF 
FILM ON DETERIORATION OF SUGARS BY MOLDS 

I Per Cent Gain in Reducing Sugars Over Check 



{ 

100 Sj»ores 
per G. 

1000 Spores 
per G. 

A 

10,000 Spores 
per G. 

.v — 



X 



X 

Concentration 

Moisture 

s: a: ' 


s: 

X 


Ratio 

i. si- s; ' 

ac oc 

^ A- 

1 

A, 


si. K 


A O.U ; 0.02 0.02 0.04 0.21 0.11 

B 0.16 ... 0.09 0,01 i ... 0.05 0.04 0.03 0.12 0.11 

0.18 ... 0.09 0.07 I 0.12 0.22 0.17 0.27 0.31 0.28 

D 0.24 ... 0.10 0.10 I 0.04 0.18 0.18 0.12 0.27 0.28 


In Table II is presented a summary of results so arranged as to show the 
influence of concentration of film on the deterioration of sugars by molds It 
must be stated at the outset, however, that where the increasing increments of 
moisture are so slight as in the present instance, and especially when dealing 
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with the activity of microorganisms over such a long incubation period, it is 
hardly to be expected that the differences will be very sharply defined. How- 
ever, it will be observed that as a rule an increase in moisture ratio (which actu- 
ally signifies a decrease in concentration) is responsible for an increase in dete- 
rioration with any single inoculation. It is not necessary to repeat here what 
was stated in the discussion of Table I concerning the limiting effects of concen- 
tration with any definite inoculum. Suffice it to say that this work fits in very 
closely with our preceding investigations and proves quite conclusively that with 
a high mold infection, deterioration takes place in sugars with moisture ratios 
below 0.14, or, according to the previous experiment, at 0.08. This substantiates 
the claim previously made that “the factor of safety for sugars well infected with 
fungi would appear to be lower than is generally supposed,'' and defines more 
clearly what such limits must be. In other words, knowing the number of molds 
present in any sugar, it may be predicted (from the standpoint of mold infection 
alone) what deterioration may be expected in a storage j)eriod of about 5 months 
with a sugar of known moisture ratio. It is to be assumed that at the present time 
we have carried through to completion, from a survey of mold speciess in sugar 
sugars are not stored for such a long period of time, but the differences obtained 
upon a long incubation period are not so much greater as to invalidate the above 
generalizations, as will be seen from Table JII, which gives a comparison in 
the reducing sugar content of inoculated sugars with films of Concentration 1) 
(moisture ratio = 0.24) after 1 and .^.5 months, respectively. It will be readily 
seen that the differences in incubation as represented by the gain in per cent of 
reducing sugars are indeed slight when compared with the initial gain over check 
in one month. 


TABLE III— C0MPART80N IN (K)NTENT OF REDIKTNG SUGARS OF INOUU- 
LATEI) SUGARS (WITH FILMS OF UON(^ENTRATION D) AFTER 1 AND 
5.5 MOXS. INCUBATION, RESPECTIVELY. 


Incubation 

Check 

Asp, 

n. 

Gain 

over 

( ’heck 

Ax/t. 

S. B. 

Gain 

over 

(’heck 

rvn. 

Gain 

ov(*r 

(’lieck 

After 1 month 

0.23 

0.44 

0.21 

LIO 

0.87 

0.77 

0.54 

After 5.5 months 

Gain in reducing sug- 

0.23 

0.53 

0.30 

1.46 

L23 

0.87 

0.64 

ars, per cent 

0.00 

0.09 


0.36 


0.10 

... 


Next to the elimination of deterioration, the most important commercial con- 
sideration is prediction of the keeping quality of a sugar. Table IV is a tenta- 
tive plan based on the results obtained in all our investigations which will give 
some conception of the deterioration to be expected from a definite number of 
molds in sugars of known moisture ratio. It must be clearly understood that 
this plan is advanced with considerable diffidence, and that its value rests on 
further verification. Furthermore, it is of importance to note that in the above 
table mold infection only has been considered. We have data which are con- 
cerned with deterioration due to bacterial infection and unquestionably the bac- 
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terial flora would seriously influence the deterioration of sugars as shown in the 
important researches of previous investigators. However, since individual molds, 
such as Aspergillus Sydowi Bainier, Penicillium expansum, and Aspergillus niger, 
are vastly more efficient in their deteriorative activity than any bacteria that have 
come to our attention, and since the first-named mold is to be found in prac- 
tically all sugars, it may be that the above table will prove of some value to those 
who are ready to take cognizance of the molds which are undoubtedly causing 
large economic losses in the sugar industry. In Table IV it will be seen that 
the facts previously discussed have been so arranged that one may tell at a glance 
what deterioration, if any, might be expected. It was not deemed necessary to 
carry out the work in moisture ratios beyond 0.24, because it is generally con- 
ceded that sugars having a moisture ratio above 0.30 are susceptible to deterio- 
ration. Browne,^* Owen,^ and others have advanced much valuable evidence on 
this point. 

TABLE IV— DETERTORATIOX TO BE EXPECTED FROM A DEFINITE NUM- 
BER OF MOLDS IN SUGARS OF KNOWN MOISTURE RATIO. 

Moisture 

Moisture Ratio = 

100 — Polarization 


Number of mold spores per g. 

0.08 

0.14 

0.16 

0.18 

0.20 

0.24 

Over 

0.24 

0-100 

— 

— 

it 

+ 

■f 

+ 

-f 

100-1,000 

. 



-h 

4 - 

4 - 

4 - 

1,000-10,000 

. it 

+ 

4 - 

+ 

4 - 

4 - 

-f 

10,000-100,000 

. -h 


-j' 

-h 

+ 

-f 

4 - 


-f Deterioration. 

— No deterioration. 

±: Slight, if any, deterioration. 


This paper may be said to round out one phase of the problem of sugar de- 
terioration, namely, that concerned with the imi)ortance of mold infection, which 
w^e have carried through to completion, from a survey of mold spores in sugar 
and their deteriorative activities in sugars and solutions to a study of the effect 
of varying the amount of inoculum and concentration on deterioration. 

The writer wnshes to thank ^lessrs. D. F. Stanfill, Jr., and K. S. Hays for 
their help with the chemical analyses and the Station staff for their assistance, 
and is indebted to Mr. \V. L. t )wxn for his kindness in reading the manuscript. 

Sum MARY. 

1 — An increase in number of mold s]>ores inoculated into sugars (wdth films 
of varying concentration) is responsible for an increase in deterioration. 

2 — A decrease in concentration of the films surrounding the sugar crystals 
is responsible for an increase in deterioration. 

3 — A table is presented show ing the deterioration which may be expected 
from a definite number of molds in sugars of knowm moisture ratio. 

6 Journal of Industrial and Engineering Cheiuistry, 10 178. 

7 Louisiana Bulletin 162. 
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4 — At moisture ratios of less than 0.18 there is little, if any, deterioration 
with a mold infection of less than 5,000 spores per gram. More than this num- 
ber of spores induces deterioration. At moisture ratios above 0.18, deterioration 
occurs with upwards of 100 spores per gram. 

5 — At any definite concentration and with an equal number of spores per 

gram Aspergillus Sydowi Bainier is more eflfective than Penicillium expansum 
or Aspergillus niger in its deteriorative activity. |W. R. M.J 


On the Burning of Fuel Oil.* 


By H. J. Vandereb. 

The shortage of coal and abnormal rise in coal prices of the last few years 
has given rise to a lively interest in the use of fuel oil under power boilers. 
Quite naturally, comparison as regards cost of coal and oil is the principal factor 
in this. For certain localities such a comparison is at present favorable to the 
use of oil. Especially is this true for New England and other points on the 
Atlantic Coast, remote from the coal fields. Add to this the uncertain delivery 
of coal of the present time from causes we need not here mention, and you have 
a fair index to the oil fuel situation. 

As to how long these price relations can possibly continue, it is practically 
impossible to make a reasonably safe guess. From the present knowledge of 
the available world supplies of oil and coal, which necessarily is rather vague, 
it seems, however, to be generally taken as a foregone conclusion that the oil 
supply will have ceased many centuries before coal will show signs of exhaus- 
tion. Undoubtedly at some future day, which may be in the lifetime of the 
present generation, the operation of the inexorable law of supply and demand 
may give back to coal the nearly undisputed monopoly it so long has enjoyed 
in the field of steam power generation. So long as the price remains favorable, 
however, oil will be a big factor in power plant operation and the present indi- 
cations are that this may be for a number of years to come. 

It is the purpose of this article to give a few helpful hints, gathered from 
the best information available, to steam users who desire to look into the de- 
sirability of changing from coal to oil for their boiler plants. In every ca.se it 
is desirable that a reliable estimate be made in advance, of all the cost involved 
in making the necessary changes in the equipment. While the cost of the actual 
oil burning apparatus is light as compared with, for instance, mechanical stokers, 
there may be costly changes necessary in the boiler settings in order to obtain a 
reasonably high efficiency, which may drive the cost up to a disappointing figure. 
In addition to this, account should be taken of the possible necessity of installing 

*Reprint from **The Locomotive of the Hartford Steam Boiler Inspection and In- 

surance Company, January, 1920. 
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extensive storage tank capacity, depending on the proximity of the plant under 
consideration to an oil distributing center. For plants that are a considerable 
distance away from such an oil depot it is suggested to have a storage capacity 
of from thirty to forty days’ supply to take care of any interruptions of the 
regular delivery of the oil. Steam plants that have the good fortune of being 
located right near an oil depot can of course avoid a heavy investment in storage 
tanks, and for such plants a week’s supply on hand might be considered suffi- 
cient. But even for such installations, especially if they be public service 
plants with contracts for their power output, business foresight may suggest the 
desirability of the right proportion of reserve supply to insure continuous service 
under unusual circumstances. With a further view to the possible serious in- 
terruption of the oil supply at the source it has been suggested that no oil burn- 
ing installation should be undertaken that would not permit changing back to 
the use of coal in a reasonably short time. In making estimates on proposed 
oil installations and comparing the cost of the oil itself with that of coal, use 
can be made of a handy approximate rule, sufficiently accurate for practical pur- 
poses, which is the simple relationship between the cost of the two fuels as pointed 
out by Mr. W. M. McFarland. This is, that for equal steam production the fuel 
cost will be the same when the number of dollars of the price of coal per ton 
(of 2,240 lbs.) is double the number of cents of the price of oil per United 
States gallon. This rule is based on the respective average heat values of oil 
and coal per lbs, and takes into account the better efficiency obtainable with oil 
than is possible with coal. Any other possible economies incident to the use of 
oil, such as the lower labor cost of handling fuel oil as compared with that of 
coal and ashes, are not included in this rule. 

The fuel oil that is at present sold for power purposes is, with very little 
exception, the heavy residuum that remains after taking off by partial distilla- 
tion from the crude oil the valuable lighter hydro-carbons, naphtha, gasoline 
and kerosene. This so-called “topping" of the crude oil enhances the value of 
it as fuel rather than diminishing it. as the flashpoint is thereby raised to a point 
where the fuel can be handled with greater safety, especially after being heated 
to the temj)erature necessary for properly atomizing it at the burners. The cal- 
orific value of the “topped” oil is not any less than that of the crude oil, in fact 
it is even a little higher. 


The Ahvantaoes of Oh. Over Coal. 

From a number of viewpoints oil is an attractive fuel for steam generation. 
As already indicated in the foregoing it is possible to obtain a higher efficiency 
with oil than with coal. It is comparatively easier, so far as physical effort is 
concerned at least, to obtain almost perfect combustion with oil burning and keep 
out of the furnace unnecessary excess air from the fact that there are no fur- 
nace doors opened every few minutes as with the hand firing of coal and there 
is no cleaning of fires with its attendant serious cooling off of the furnace. The 
required intensity of the heat from the burners is under practically instanta- 
neous control to meet changes in the load. There is furthemiore possible a con- 
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siderable saving of labor in an oil burning plant as compared with that required 
for the handling of coal and ashes and there is a complete absence of dust. 

For the small plant of one or two boilers a saving in the labor item should 
not be expected, since of course for such an installation the same number of 
men will be required to tend to the burners as would be to shovel coal in the 
furnace. There are, however, many small plants where it could be expected 
of one man, with more justification from a safety standpoint, to tend to both 
the engine and boiler, if oil were used, than where he has considerable coal 
shoveling to do. But for the larger plant the labor economy is a real factor. 
One man can tend a considerable number of oil fired boilers with almost th£ 
same facility as he can one boiler. One other feature that may be mentioned in 
favor of oil fuel as compared with coal, is that the troubles of spontaneous com- 
bustion, so common with coal of high sulphur content, are entirely excluded with 
oil fuel. 

There are almost no real disadvantages connected with oil burning to offset 
the several advantages mentioned. The one serious obstacle that can be men- 
tioned is that in congested city districts the use of oil may be made prohibitive 
by local ordinances requiring special conditions with regard to location and isola- 
tion of storage tanks with a view to safety in case of fire. Some of this trouble, 
however, may be overcome by piping the oil underground to the plant from a 
point where oil can be conveniently stored with better safety. 

The oil as received may contain a certain percentage of moisture, which 
must be eliminated by giving it time to settle to the bottom of the storage tanks. 
It is therefore desirable to have always more than one tank for any conditions 
of required storage capacity so that the oil as it is used may always be pumped 
from a tank in which the settling of the moisture is as complete as practicable. 
Each tank should be provided with a bottom drain cock at its lowest point to 
run off any collected water or dirty oil. 

At the ordinary outdoor temperatures, e.specially in the northern latitudes, 
it is necessary to heat the. oil in the .storage tanks to reduce its viscosity to a 
point where it can be pumped. As it is too wasteful to attempt to heat the whole 
tank to the desired temperature it is entirely possible- to accomplish this by j)lacing 
a steam coil right near the point where the suction pipe enters the tank. On all 
piping used for the transmission of oil it is desirable to have a steam connection 
so that they may be blown through and cleared of any accumulations of silt 
which is more or less present in all fuel oil. It is absolutely es.sential to have 
some effective form of strainer placed in the suction pipe leading to the pump 
in order to catch the fine grit and so to prevent undue wear of the pump cylin- 
ders. In order to eliminate the pulsations of the pump, so that a steady flow 
may be had at the burners, the pumps should be provided with an ample air 
chamber. 

Heating of the oil is furthermore a necessity to aid in the proper atomiza- 
tion at the burner. It is most convenient and economical with the heavy oils 
now being used to do the heating of the oil in two steps, namely, to raise the 
temperature of the oil near the suction outlet of the storage tank sufficiently 
to reduce its viscosity to a point where it can be pumped and to have in the fire- 
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room a separate heater in which the oil can be given the desired temperature 
for proper atomization. The final temperature of the oil just before atomiza- 
tion is usually about 140° to 160° Fahrenheit, where the oil is atomized by means 
of steam, but it is best to find by trial the most suitable temperature for each 
particular oil used to effect the best economy. Great care should be exercised 
to not heat the oil above its flashpoint. The flashpoint of an oil is the tempera- 
ture at which inflammable vapor begins to be liberated at its surface. Ther- 
mometers should be present on the suction pipe leading from the storage tank 
to the pump and on the pressure pipe between the pump and the burners so that 
at all times proper control of the temperature may be had. The inflammable 
vapors referred to are a distinct clanger and may give rise to disastrous explo- 
sions in the combustion space of the boilers, when, for instance, the oil valve 
to a burner is inadvertently left partly open under an idle boiler. Such gas ex- 
plosions are known to have done great damage to the setting walls and serious 
personal injury. Aside from this danger the j)roper operation of the burners 
is affected by the presence of vapor in the pipes as the oil will under such con- 
ditions flow irregularly, causing sputtering of the flame. 

Some Details of the Burners. 

The function of an oil burner is to scatter the oil in a spray of minute 
particles to make it possible for the oxygen of the air to come in contact with 
as much surface of the fuel as it is feasible to expose it. A solid stream of oil 
has a small surface as compared with the aggregate surface of all the minute 
oil drops that result when the solid stream is broken up into a fine spray. The 
work performed by the atomizing agent is simply the work of stretching the sur- 
face of the oil, hence the finer the spray the better arc the chances for perfect 
combustion. The only limitation on the fineness of spray is the cost involved 
in producing it. 

The burners that are most commonly used can be classified under two gen- 
eral types: 1st, spray burners, in which the oil is atomized by means of a jet 
of steam or air, and, 2d, mechanical burners, in which the oil is forced under 
considerable pressure through a small aperture of particular shape causing it 
to break up into small particles. As the small aperture of the mechanical bunier 
will wear quickly larger by any grit in the oil, thus rendering it useless, the 
thorough straining of the oil is especially important when mechanical burners 
are used. It is, however, well for any type of burners to have a strainer in the 
pipe between the pump and the burners to catch any gritty or solid substance 
that may pass the .strainer in the pump-suction line. 

Mechanical burners have an advantage over those that atomize the oil by 
means of an air jet because of the necessity of an air compressor with the latter 
type. They also have, theoretically at least, an advantage over steam spray 
burners because of the fact that all steam that is introduced into a furnace leaves 
the furnace (when combustion is complete) as steam, which carries with it 
some of the heat generated from the fuel, entailing a certain amount of loss. 
It is sometimes asserted that the burning of the hydrogen that is set free when 
the steam is decomposed by the high furnace temperature into hydrogen and 



122 


oxygen, will add a certain amount of heating value to that of the fuel The 
fallacy of this will be obvious when one considers that it takes just as much 
heat to decompose the steam into its component elements, hydrogen and oxygen, 
as can possibly be realized when these elements are again united by combustion. 

Another advantage of mechanical burners over steam spray burners is that 
they are generally better adapted to take care of wider variations of load, which 
necessarily is conducive to better economy under certain conditions of operation. 
However, the extreme simplicity of the steam atomizing burner and the excellent 
economy obtained with it when constructed on correct principles, together with 
the comparatively low oil pressure and temperature it requires, has made this 
type the favorite for stationary work. Burners using air as an atomizing agent 
are in successful operation, but steam atomizing burners are used more generally. 
Wherever the loss of fresh water is not a vital factor the latter are usually the 
most satisfactory. The steam consumption has been found for the better make 
of burners to be approximately 2% of the total steam generated. 

From a safety standpoint a so-called flat-flame burner is preferable over a 
burner producing a cone shaped flame for most types of boilers, as it is simpler 
with the former to avoid the impinging of the flame on portions of the heating 
surfaces of the boiler. Localization of the intense heat of the flame on tubes 
or shell of a boiler will invariably result in overheating and blistering of the 
metal and should be carefully guarded against. Space forbids a detailed de- 
scription here of the diflferent types of burners on the market. Such of our 
readers as are interested in further perusal of this detail are referred to “The 
Science of Burning Fuel Oil,” by W. N. Best, and “Oil Fuel,” by E. H. Peabody. 

Ample Combustion Space an Absolute Reuuikkment. 

The selection of the right type of burner, while of course important, is of 
less significance in obtaining the proper boiler efficiency than is the proper fur- 
nace volume and general design of the furnace. The ideal conditions of an oil 
furnace are that the particles of burning oil have an opportunity to linger just 
long enough in the furnace to be completely consumed before coming in touch 
with the relatively cool boiler surfaces, which would extinguish them, with the 
possibility that they are re-ignited higher up in the setting or in the uptake with 
a resultant waste of heat. 

Ample space must therefore be provided in the primary combustion cham- 
ber; more indeed than for almost any other fuel. This extremely imjK)rtant 
fact may make the change from the use of coal to oil prohibitive for boilers 
that are set low. 

It has proved feasible with existing coal burning boilers, in which the dis- 
tance above the grate is not less than about 40 inches, to form a chamber for 
the oil flames by placing a layer of firebrick over the gratebars, leaving a sufii- 
cient number of openings in this layer of brick for air admission. It is safe to 
say, however, that it is best in any case, both from a safety and an economy 
standpoint, to remove the gratebars and install a flat checker work of firebrick 
to take the place of the grate, but placed close to the ashpit floor, leaving only 
sufficient space under the checkerwork to form an air duct. 
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The bridgewall should then be cut down to about the top of this checker- 
work. In view of the high temperature to which the brickwork in an oil furnace 
is subject, which may reach 2800^ to over 3000° Fahrenheit, only the best quality 
of firebrick should be used. It is impossible to give any sort of a definite rule 
for the proper amount of required combustion space. This can best be deter- 
mined for each individual installation and its surrounding conditions by some- 
one having extended experience with oil burning. 

For water tube boilers of the inclined tube type the so-called ''rearshot” 
burner should be used. This name applies to location of the burner rather than 
to type. It simply means that the burner is placed just in front of the bridge- 
wall and shoots the flame toward the front of the boiler. The objects gained 
by this are that the flame projects in the direction in which the furnace increases 
in volume, due to the fact that the tubes are inclined toward the front, and the 
possibility of the flames imj)inging on the tube surfaces is practically excluded. 

Fuel oil is successfully being used under vertical firetube boilers of the Man- 
ning type, but it is found that there is a tendency that not all the tubes partici- 
pate in transmitting the products of combustion. 1'he tubes directly over the 
burner proper are apparently idle, while the tubes in the rear or the direction 
of the flame transmit all the heat. In such a case, good use may be made of 
retarders, consisting of spirally twisted strips of sheet metal, jdaced in the rear 
tubes which will have the eflfect of distributing the hot gases more uniformly. 

Fuel Economy I..\r(jely on Damper Adjustment. 

Tlie proper amount of draft througli an oil burning furnace is a matter of 
great im])ortance and on it hinges largely the success or failure of the installa- 
tion in competition with coal. Less draft is required for successful burning of 
oil than in the case of a coal furnace of the same relative capacity. The reasons 
for this are that with oil burning the draft does not have to overcome the same 
retarding influence as is produced by a fuel bed, and the action of the oil burner 
itself is moreover to some extent that of a forced draft. The volume of gases 
for a given rating is smaller with oil burning than with coal. From this it fol- 
lows tliat it is not necessary to have as large a stack area for oil burning boilers, 
nor does the stack have to be as high as for coal burning of the same capacity. 
1'he proper amount of draft to be allowed when changing over an installation 
from coal to oil burning can be taken care of by keeping the stack damper partly 
closed, but it is better, and it makes the installation more fool-proof, to contract 
the area of the gas passage of a stack of too large capacity by means of a fixed 
l)late with an oi)ening in the center of the required size. 

( )n the other hand there must be a sufficient draft suction to steadily carry 
off the products of combustion at a certain maximum rate which can only be 
determined by test for the be.sl obtainable economy of fuel. If an insufficient 
amount of draft is allowed at the stack so that the action of the burner as a 
draft producer is relied on to push the gases, the action of the heat on the brick- 
work of setting walls and baffles will cause them to rapidly deteriorate. It is, 
therefore, a case of striking a happy medium between the evil of loo much draft 
causing waste of fuel and that of not enough draft involving high upkeep cost. 
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As stated before the question of allowing just the right amount of draft is 
very important for proper economy and because of the fact that resistance to 
the draft is considerably less through an oil burning boiler than through a coal 
fired boiler, the handling of the damper is a much more sensitive operation with 
oil than it is with coal. It is, therefore, almost needless to state that a suitable 
draft gauge, located so that it can be conveniently read, is practically indis- 
pensable when economy is desired. Carelessness in manipulating the draft will 
invariably lead to gross waste of fuel. 

In one installation, that recently came to our notice, the records of oil con- 
sumption showed a ‘'mysterious” gradual increase, until finally it was nearly 
double what it had been at first, although the steam output from the boilers was 
practically unchanged. The reason for this marked increase in the oil consump- 
tion was not far to seek. The emphatic and careful instructions, given at the 
time the oil equipment was installed, had “wore off” and the firemen had come 
to regard the close regulation of the draft as a useless bother. Consequently they 
were running with the stack damper and ashpit doors wide open, causing a short 
white flame, which they no doubt regarded as hotter and therefore more efficient. 
The result was, as stated, a doubling up of the oil consumption. Here was a 
case where, with practically no effort, about ten barrels of oil per day could 
have been saved over a considerable period. 

A clear stack on an oil burning installation is usually an indication that too 
much draft is passing through the furnace with a resultant low efficiency, .since 
all the unnecessary excess of air simply acts as a cooling agent and carries heat 
up the stack that ought to have served in making steam. 

A slight haze coming from the stack indicates that conditions are more 
nearly ideal. In order to establish the best furnace conditions for any given load, 
the most satisfactory method is, of course, by means of flue gas analysis, but in 
the absence of the proper apparatus for this, use can be made of a reasonably 
reliable and simple rule. When the furnace is well alight and the walls uni- 
formly heated up to a high temperature, the draft should be pinched down by 
gradually closing the stack damper to a point where the flames have a slightly 
smoky fringe, when the damper should be opened again just sufficiently to clear 
the flames. I W. E. S.] 
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Report of Entomological Work in Australia, 1919-1920. 


By Frederick Mcir. 

Leaf hopper. 

I returned to Honolulu on June 21st, after an absence of thirteen months. 
W hen I left last year I considered that three to four months would be ample 
time 10 accomj)lish the object of my journey, viz. : to procure a large colony of 
Drypta. 

In my letters from Australia at various times I have mentioned the diffi- 
culties that have beset me in my work during the last thirteen months, but I 
would like to recall them here, as it is necessary for the correct understanding 
of the time occupied in the work and the rc.sults arrived at. In a normal season, 
without abnormal hindrances, four months should have been ample time to pro- 
ceed to Australia, collect a good colony of Drypta and return. As it was, thir- 
teen mt)nths have been spent and the original intention has not been achieved. 

Upon my arrival at .Auckland in May of last year J first encountered dif- 
ficulties, as the shipping strike in Australia held the S.S. Niagara in New Zea- 
land for two weeks. This delay was fatal to the Seolia uianilae I was taking to 
Queensland, as the cold at Auckland killed them all off. But the Queensland 
authorities appreciated the eflfort wc made and did all they could to assist me 
during my stay. 

Upon arriving in Sydney I found all the coastal shipjfing tied up on ac- 
count of strikes. Had it not been for this I should have immediately joined 
Dr. Williams and he would have succeeded in getting a large colony of Drypta 
away. 

Expecting the strike to be settled each day, I did not proceed overland, as 
the journey is one to be avoided if possible. I therefore decided to work the 
southern sugar cane areas, where Messrs. Perkins and Koebele found so fa- 
vorable conditions in 1904-05. 
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The 1918-19 season had been exceedingly dry and I found the Bundaberg 
district, where Perkins and Koebele did most of their work, in an exceedingly 
bad condition. The sugar crop of the district was only one-third the average 
and some of the mills in the district did not crush at all; vegetation of all sorts 
was affected and the grass mostly dried up. Insect life was at a low ebb and 
one could not believe that it was the same district that Messrs. Perkins and 
Koebele had collected so much material in. 

When the shipping strike was settled I got up north and found the condition 
very similar. Rains had failed and even in such places as InnesfalK the wettest 
place in Australia, they were carting their drinking water from some distance. 
Insect life of all descriptions was scarce and Drypta exceedingly so. There was 
therefore nothing to do but wait for the rains to commence in December and 
January. Jn the Macknade district they had one good rain at the end of Janu- 
ary, but after that the drought set in again, and it did not break until April 
20th. From then until I left, on May 10th, we had only one day in which the 
sun shone for more than two hours ; between April 20th and 25th twenty-five 
inches of rain fell and up to the 10th of May thirty-seven inches fell. The 
river was in flood sixteen feet above the bridge, and the creeks were all over- 
flowing and most of the fields with a foot of water. It was only owing to liie 
assistance of the Colonial Sugar Refining Company that I managed to get out 
of the district to the rail head and get a train for Townsville. 

A second shipping strike had hindered my movements, compelling me to 
go west some three hundred miles and take a motor trip 120 miles from rail 
head to rail head. The heat out west was excessive, being 120° at Winton the 
day I arrived, and 110° at Longreach. The drought has played fearful havoc 
with the western part of Queensland and New South W'ales; hundreds of thou- 
sands of sheep have died. Along forty miles of road, from one sheep station 
to the rail, there were sixty dead horses. The dead sheep were not counted. 

Under such abnormal conditions insect life was exceedingly scarce. In fields 
where Dr. Williams could collect 100 to 150 Dryptas per day, I could not get 
fifty in three months. If, after the heavy rains from the 20th to the 25th of 
April, it had cleared up and been sunny and warm, I believe Dryj)tas would 
have appeared in numbers enough to have enabled me to have collected a decent 
colony, but the continued' bad weather and the flooded conditions of the country 
made this impossible. 

The tri]) altogether was the mo.st unsatisfactory one I have undertaken and 
I did not accomplish what I set out to do. namely, to gel a colony of Drypta, 

But although I did not do what I had set out to do, yet the time was not 
wasted as I was enabled to study Perkinsiella under various conditions and draw 
certain definite conclusions that led to the discovery of an in.sect that I hope will 
be of greater value than the Drypta and will eventually enable us to cope with 
our leafhopper problem successfully. This insect is a small Heteropterous bug 
named Cyrtorhimis miindulus. 

In North Queensland the sugar cane districts are normally wet, especially 
from January to May, when cyclones often strike the coast and cyclonic storms 
are common. My last three weeks at Halifax demonstrated what can happen 
in this line. In spite of this fact Perkinsiella is fully controlled. 
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For several years I have held that the chief cause of our leafhopper out- 
breaks is climatic conditions, such as heavy rains. Mr. Pemberton, after a study 
of the subject, has come to the same conclusion. These rains are too severe for 
the minute egg parasites we depend upon for the control of the leafhopper and 
so they are wiped out and the leafhopper gets ahead. The conditions I found 

prevailing in North Queensland were 
such that either my conclusion as to 
the cause of our outbreaks was wrong 
or else there were other factors than 
the egg-parasites in North Queensland 
that were responsible for the control 
of the leafhopper. Drypta was so scarce 
that I had to rule it out of the factors 
acting during 1919-1920, whatever it 
may do in normal times. 

The small number of young in the 
field in comparison to the number of 
adults made me suspect that either 
something was impairing the fertility of 
the hoppers or destroying the eggs. 
Upon dissecting adult females I discov- 
ered the presence of a yeast-like fungus 
CyrtorhlnuB mimdulus (Breddm). which was numerous in the body fluids. 

This fungus passed through the walls of the ovarian tubes and entered the eggs, 
where they were always found congregated in a round mass at the posterior 
end of the egg. Upon examining eggs laid in the cane leaves 1 found that 80% 
were destroyed, having collapsed and, in most cases, a fungus growing from 
them. An examination of the eggshell under a moderate power microscope 
showed no break or damage, and I therefore suspected that the destruction of 
the eggs was due to the fungus. 1 had no facility for the pro])er cultivation 
of this fungus, but the spores from the fructification of the fungus growing 
from the eggs developed into yeast-like cells similar to those found in the body 
fluids and eggs. The yeast-like cells from the body fluid and the eggs grow 
out into hyphae under certain conditions. 

Some of my observations led me to think that the fungus was not the cause of 
the destruction of the eggs, and tliat the fungus only developed when some other 
factor had killed the eggs or embryos. This idea was further strengthened 
when I heard, in rcsjKmse to a question, that the same, or a similar, fungus 
existed in PcrkinsicUa in the Hawaiian Islands. 

It therefore became necessary to find some other cause to account for the 
death of 80^ of the eggs and. after a great deal of field observation, this I 
found was due to a small Heteropterous bug named Cyrtorhiniis mundulus. This 
insect belongs to the same order as the PcrkinsicUa and has similar mouth parts. 
But, as far as I could find out, it never sucked sugar cane, but lived entirely 
on the eggs of leafhoppers, which it pierces with its very slender “beak’’ and 
sucks out the contents, leaving the eggshell unbroken, the puncture being so 
minute that it is unrecognized. 
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The eggs of Cyrtorhinus are laid in small crevices in the cane leaf, often 
in the egg slit of the Perkinsiella. The eggs are parasitized by a mymarid para- 
site very similar to Paranagrus on Perkinsiella, but specifically distinct. The 
young bug is bright scarlet and very active, hiding at the base of the cane leaf. 
When it comes upon a batch of Perkinsiella eggs it feels it all over with the 
tip of its proboscis (labium) and then inserts its hair-like mouth organs and 
feeds. The adult is very active and not easily seen as one goes through a cane 
field, as the movement of the cane leaves two or three yards away cause it to 
fly off. But by sitting down for half an hour or more in a good situation one 
can get an estimate of the numbers about and see that they can easily be re- 
sponsible for the 809r^ of the eggs destroyed. 

I consider that this insect is the chief cause in keeping Perkinsiella in check 
in North Queensland. It is unaffected by storms, as after three weeks of rain 
and floods the young and adults were as abundant and active as ever. The egg 
parasite Paranagrus is present, but in very small numbers, both at the end of a 
long dry spell and after the heavy rains, and can play but a minor role in the 
checking of Perkinsiella. Drypta was so scarce that it could have played but 
a small part during the time I was working in the district. Other predators 
were equally scarce during the same time. I regret not being able to bring 
back a colony of Drypta, as I would like to see it established in our Islands, but 
I believe Cyrtorhinus will be more valuable when once established. Among my 
collection from Fiji made in 1905-1906 are sj)ecimens of this insect ; also a 
closely allied species. By my notes I see that 1 ex])erimented with it on young 
hoppers but got negative results. As I was only seeking enemies of the young 
and adults then, I did not try it out with eggs and so failed to discover its im- 
portance. 

The question has been raised as to the possibility of Cyrtorhinus destroy- 
ing our Paranagrus and so doing more harm than good. To this there are two 
answers : 

(1) If it were to entirely supplant it and was equally effective in destroy- 
ing the eggs of Perkinsiella it would be a gain, as its ability to stand up against 
the heavy rains in certain districts would prevent some of our worst outbreaks. 

(2) There is no reason to believe that it will su])plant the Paranagrus, as 
it has not done so in Australia or Fiji. It will attack both parasitized and un- 
parasitized eggs and the joint results wdll be a distinct benefit. For example, — 
if they both attack 80^, of the eggs then the results of Paranagrus alone would 
be for twenty hoppers and eighty parasites to hatch out of every 100 hopj)er 
eggs. If Cyrtorhinus was also acting along with Paranagrus then the ultimate 
result would be four hoppers and sixteen Paranagrus, the same ])roj)ortion but 
a vastly improved condition. 

Having failed to get a booking on one of the Oceanic boats, which only 
take two weeks from Sydney to Honolulu, I could only procure a passage on 
the S.S. Makura, advertised to sail from Sydney on April 27th. As it took me 
a week to get from Halifax to Sydney and I had to be in time to arrange pass- 
ports, etc., I had to start early in the month. Upon arrival in Sydney I found 
that the date of departure had been postponed till the 3rd of June. This delay, 
along with the three weeks en route from Sydney, made me despair of getting 
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anything over alive, but upon examining the cages we found there were tweniy- 
three young and three adults. Since then several of the former have become 
adults. 

We therefore have good reasons to hope that we shall be able to start a 
colony and eventually increase it so as to be able to turn out fair numbers 
into the field. This will be a fairly slow process, as they do not increase at 
a great rate and the supply of food for great numbers will not be easy to main- 
tain. 

The question therefore arises if, to avoid considerable delay, it would not 
be advisable to get a large colony from Fiji, a distance of only eight days. 

Now that we know the habits and the best way to handle the insects in 
cages, this should be a simple matter (barring such hindrances as I encoun- 
tered in Australia) and should not occupy more than ten to twelve weeks. There 
is also a second sj)ecies in Fiji which we could get. The present would be the 
right time of the year to get it. 1 would ask to go myself, but my thirteen 
months wandering in Australia has made me weary of travel for a time. I 
would therefore suggest that, if it be decided to send for a large colony, either 
Dr. Williams or Mr. Pemberton should go. It might be useful for the latter 
to see leaf hopper cotulitions in Fiji, as it would enable him to compare with 
Hawaiian conditions. 

J strongly recommend that some one be sent to Fiji for these insects, as 
the time saved in establishing them in our Islands fully justifies the outlay. 
SlK>uld anything go wrong with our small colony in cai)tivity, a not impossible 
contingency, we should then have to proceed to Fiji for a new one. 

For the time being 1 would suggest dropjnng the Dryf^ta until we have 
established Cyrtorhimis and watched its effect upon our leafhopj)er problem. 

WiREWORM. 

The cable re])orting the deslruction caused by wireworms reached me after 
I had left Macknade on my way to .Sydney. 1 could, therefore, not look into 
the j)roblem myself, even if the enlomological conditions caused by the unusual 
drought had not made such work for this season almost impossible. In con- 
versation with planters and with the (Government Entomologists in Brisbane I 
learnt that in some of the forest land in North (Queensland wireworms do con- 
siderable damage. It is ])ossiblc that “white grubs" are the original attraction 
for this beetle and when they have hatched out or been devoured they then turn 
their attention to sugar cane. In Fiji wireworms are the worst pest after 
‘‘borers.*’ 

Work on this beetle would take some considerable time on account of the 
length of the life cycle and the difficulty of getting material to work on. As 
one of the solitary wasps is the most likely parasite I think the spring would be 
the best time to work in Australia, providing that the season was favorable. 

Antonina on Nut Grass. 

Inquiries as to the damage done to nut grass by Antoniua received very 
conflicting replies. Nut grass is abundant all through Queensland, especially 
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in cultivated land. The greater proportion are seedlings and it is through the 
seeds that cleared fields become restocked. One field at Macknade was of in- 
terest as the nut grass was very abundant and when I examined it, in October 
and November, Antonina was present but scarce, and “nuts’" not numerous. In 
April and May the Antonina had increased enormously and “nuts” were abun- 
dant and covered with the insects. The plant had not flowered, but it was dead 
and dying all over the field, evidently entirely due to the presence of the insect. 
Antonina was found on two or three species of grasses^ but did not appear to 
kill them. Sugar cane was growing in the field in question, a first ratoon, but 
I could find no specimens of Antonina attacking the roots. 

I brought back a few specimens and after consulting with the Entomolo- 
gist of the Board of Agriculture I am trying it out in our quarantine room. If 
necessary we can procure more from Australia through the post. 

The Fern-weevil (SvA(;Rirs Fulvitarsis Pa.sc.). 

When in the right districts I searched for this beetle without success. In- 
quiries of Coleopterists indicate that it is scarce under natural conditions, but 
abundant in greenhouses at times. No one knew anything of its habits or of 
any parasite attacking it. One would have to devote one's whole attention 
to it to do much good. 

A CK N ( ) WLEDG E N TS. 

The Government Entomologist, Mr. II. Trvon, and his assistant, Mr. H. 
Jarvis, both aided me in every way they could. The .Australian .Sugar Planters’ 
Association, through their Secretary, Mr. Pritchard, assisted me and gave me 
introductions to members of their Association wherever I went. Hut the great- 
est assistance I received from the Colonial Sugar Refining Com])any. 


TTie Diffusion of Shredded Cane. 


In a communication in the June, 1920, number of The International .Sugar 
Journal, Alfred J. Watts of Pernambuco, Brazil, says in regard to the diftusion 
in cane “Mr. A. Fries in an article in your February issue quotes Mr. J. 

N. S. Williams as saying, ‘If shredcled cane be used for diffusion, this 
may solve the problem of prei^ring the material." I do not know what 
cutters were used in Hawaii; apparently they were not very .satisfac- 
tory, but if a ‘Fives-Lille" cutter with properly ground knives, changed 
twice a day only, had been u.sed I do not think he would be worried on 
that point. 


1 Preserved specimens brought back have been submitted to Mr. E. Ehrhorn, who 
states that the species found upon grasses is specificallv distinct from that found upon 
^*nut grass.'’ 
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"‘As every diffusion worker knows, a clear cut slice of beet, or cane, 
with the minimum of broken pieces and crumbs, which will pack evenly 
leaving no channels, is the essential factor for good exhaustion without 
undue dilution, and that the Fives-Lille cutter, with hollow ground 
blades of the plane iron type and with well-filled hoppers allowing no 
dancing of the canes, will give. An exhaustion to 0.1 in the ex- 
hausted slices is easily obtained in a 16-cell battery and would only be 
advisable with a pure juice. 

“As to the suitability of diffusion chips for fuel, after passing 
through a 6- roller mill with a moderate pressure and being fed with a 
screw feeder on the half-cone grate of a ‘(iodillot' furnace, in my experi- 
ence they burn perfectly without any auxiliary fuel in the same furnace, 
except after cleaning. I do not know how much extra fuel has been 
needed elsewdiere, but when I worked the plant in question 20 years ago, 
slicing over 300 tons per 24 hours and providing fuel for a workshop and 
locomotives, and steam for a large distillery with rectifier, the daily con- 
sumption of poor quality wood-fuel was reduced to nearly 10*^^ . Press- 
ing the work up to 350 tons of course still further reduced the per- 
centage. 

“It is so much a question of due attention to economy of heat pro- 
duced in the first installation of a plant, by covering all hot surfaces, 
including juice and syrup tanks, saving of all hot water produced in- 
cluding all that from the several cells of the evaporator and much of 
that from the cooling waters of factory and <listillery, and economy in 
using the steam produced, correct arrangement of Hues and furnaces — 
in all of which details but the last we were very behindhand — that it is 
difficult to compare one factory with another, esj)ecially at a distance; 
but compared with the majority of factories in the district the diffusion 
factory had no cause to envy others in the matter of auxiliary fuel, at 
that time. 

“hVeedom from serious breakdowns i.^ one great atlvantage of dif- 
fusiiai, a j)iece of iron in a bundle of canes being the worst thing to 
fear * Init with a 10 minutes stoj)page to replace knives and sufficient 
spare knives on hand it can be remedied. The chip mills are not pressed 
sufficiently to render breakdowns likely. 

“'File amount of 10 tons of firewood to 100 tons of canes worked 
may seem very high to some of your readers, but there are many deduc- 
tions and allowances to be made for difficulties that should not be met 
with in a well-equipped modern factory and under other conditions. 
The fuel was of poor quality and much had lain for months in wet 
lowland ; the supplies for the distillery, the locomotives and fuel for 
all the personnel on the place are included. Boiling was all done with 
direct steam in the pans and three jets of sugar, the first being fine white, 
were made. 

“Taking all things into consideration I do not think that diffusion 
ever had a really fair trial, and 1 take it that the scattered nature of the 
various attempts had something to do with this contretemps.’’ 

[R. S. N.] 
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Examples of the Work of Plantation Improvement. 

Industrial Service Bureau, H. S. P, A. 



Group of dwellings (><*euj»ie<l by Homi-skilled einjiloyoes ou an Oahu jdantation. 
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Laborers^ quarters on a plantation on Hawaii. Situated along the government road. 
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General Welfare Work. 


By Donald S. Bowman, 

Industrial Scnnce Bureau, H. S. P, . 

The plantations in Hawaii have for many years been credited with havinjr 
better housing and sanitary conditions on their estates than is the case in most 
countries of the world. Dr. Victor (i. Heiser, Director for the East of the In- 
ternational Health Board, which operates under the Rockefeller Foundation,, 
states that '‘representatives of the Foundation have visited plantations in many 
parts of the world, including Hawaii, and have found conditions probably more 
advanced in Hawaii than elsewhere.'’ The plantations are today upholding 
their reputation for good housing, rapid advances being made to ])rovide still 
better quarters. 



IMantation laborers’ coin in unity house on a Kauai plantation. 

Better Living and Social Conditions: 

Throughout the United States a movement for better living and social con- 
ditions for the laboring class has developed, resulting in the building of model 
settlements where trained social workers are employed to look after the general 
welfare of the workers. We are not behind in this splendid work, which has 
been carried on in some degree since the first plantation was started. 
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Industrial Service Organisation: 

The Hawaiian Sugar Planters’ Association realized for some years that 
the general welfare work should be uniform and that there should be some 
central organization to act as a clearing house for information, promoting all 
branches of the work. The Industrial Service Bureau was created at the last 
annual meeting of the Association. As the title im]dies, the Bureau is to serve 
the plantations in any way that will promote and assist in the betterment of 
general welfare conditions. It is believed that suitable sanitary surroundings, 
proper modern housing, jiroper recreation in idle hours, an opportunity for ed- 
ucation in conversational English through night .schools and club rooms, will 
and do lead to increasing confidence in one another, and to a better understand- 
ing of industrial relations. 



Coiiiniunity |»layj;rouii<l for pIiiMren. A Kauai j»lautation. 


Absence of Paternalism: 

There should he an absence of paternalism in industrial relations on the 
plantations ; labor should in no sense become an object of charity. All activities 
in social and athletic life should be self-supporting as far as they can be made so. 

Welfare Worker: 

The providing of community and club houses, amusement centers, etc., are 
in line with welfare policies that have proven well worth while here and on the 
mainland. However, we gather from the experience of others and existing con- 
ditions that the success of the work depends not so much on the equipment as 
on the worker. In other words, buildings and equipment are practically worth- 
less to accomplish the desired results without a welfare worker in charge. 
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Better Housing: 

The building of better houses on the unit housing system is acknowledged 
to be good business and results in contented families. When the strikers re- 
turned to work, those who had occupied the modern single-family houses were 
worried more over their hoyses than over their jobs, and their first request in 
many cases was for their former houses. 

Sanitation: 

Probably the best investment the plantation can make is to insure the work- 
ers’ good health by providing sanitary and hygienic surroundings. This work 
should be of a permanent character in each village, and all ])lans for the disposal 
of waste water and fecal matter should be carefully worked out and should be 
submitted to the Bureau before work is started. F'ull information as to the dif- 
ferent and approved methcxls of waste water and sewerage dis])osal may be ob- 
tained from the Bureau. 

Water Supply: 

A majority of the ])lantations hold certificates of approval of their water 
supi)ly, issued by the Board of Health. To those that do not. and whose sup[)ly 
is subject to contamination, there is ju.st one bit of advice — overhaul your water 
system and put it in such a condition that a certificate will be issued. This work 
is most important and should be accomplished ahead of other construction work 
which has as its object the betterment of welfare conditions. 

Feeding: 

Cafeterias, restaurants and boarding houses are l)e.st provided by or under 
the supervision of the plantations. There is no argument about the (liflference 
' in the amount of work a well-nourished man performs as against one who is 
poorly fed. It is good business to see that the laborers are well fed, and where 
a sufficient number of men who are not capable of ])roperly feeding themselves 
are employed, there should be some j)lacc where good, wholesome food is served. 
Should a man wish to live higher than the ordinary eighteen-dollar board, helj) 
him to find it. It is far better for him to .spend his money on food than for non- 
essentials. 

Food Supply: 

In order to insure a supply of fresh food and encourage the raising of 
chickens, pigs, etc., by the la])or, there are many ways in which jdantations may 
help, a few of which are listed : 

Assign each family garden space in a suitable location. 

Provide a section for the raising of ]>igs, the best method being to locate 
the pens alongside of an irrigation ditch, the plantation putting in sanitary con- 
crete floors for the pens, the pig-raisers building the sheds. 

Set aside a section for chicken hoases and runs. 
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Provide pure-bred stock to breed from, exchanging boars, etc., with the 
labor for their scrub stock. 

Encourage the raising of vegetables, pigs and chickens by a campaign of 
education conducted by the Industrial Service or Welfare Worker. 

Plantation Store: 

The stores as a general rule are not conducted for profit and in most cases 
undersell their competitors dealing in staple food supplies. This is as it should 
be. However, the store should cater to the trade and should supply the mer- 
chandise demanded. With the j)resent ])rosperity of the labor many articles 
of household and personal luxury are being purchased which should be carried 
by the plantation store. 

Dairies: 

One of the best investments from a health point of view is the providing 
of a dairy, in order that the jdantation employees of all classes may be provided 
with pure milk at low cost. Milk is most necessary for the proper development 
of the child, and is one of the best foods that can be provided for adults. In 
times of epidemic, such as the recent outbreak of flu, the plantation that could 
and did furnish milk for the ])atients obtained the best results. 

Meat and Pish: 

The use of meat and fish should be encouraged, and the plantation would 
do well to see that proper supplies at a reasonable cost are to be had. 

Amusements: 

Amusement is craved by all nationalities, and life is dull indeed where no 
amusements are ])rovided, especially on the isolated plantations. In providing 
amusements a careful study should be made and the tastes of the labor con- 
sidered. They should be provided with what they want and that which will 
be most appreciated. The carrying on of amusement enterprises should be self- 
supporting in so far as the ex})enses of operation are concerned. The motion 
picture theatres and village club houses have jmnen most successful and should 
be installed in all the large settlements. The combination community house and 
hall for movies, vaudeville and other forms of entertainment is not desirable. 
It is far better to have the theatre a separate institution, the construction to be 
permanent in character, with a sloping concrete floor : good seats to be provided. 
Such a theatre could be used for movies, vaudeville, amateur shows and public 
meetings of all kinds. 

Recreation: 

The providing of recreation is a matter to be fleveloped by the Industrial 
Service W’orker on the plantation, and such activities as are demanded and 
patronized should be in every way encouraged. The best way of arranging a 
recreation program is by organizing the plantation employees into clubs, etc.. 
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they conducting the activities under the direction and with the assistance of the 
Worker. The most popular sports now conducted are baseball, basketball, vol- 
leyball, indoor baseball, and track events. 

Boy Scouts: 

Boy Scout Troops are a great asset to the plantation and go further in 
teaching Americanism than any other method known. This movement should 
have the support of everyone interested in the plantation. 

Work With Women: 

Much good may be accomplished in a practical way among the women and 
girls by the visiting nurse or woman Welfare Worker, some of the work carried 
on being the teaching of cooking, household management, care of infants and 
children, preparation of infant food, sewing, first-aid work, etc. 

Education : 

No man or woman can be fully competent unless he or she can understand 
orders and instructions which are given. Educational activities on the planta- 
tions should be, in so far as the labor is concerned, along lines that teach con- 
versational English and Americanism. This work can be carried out by the 
Industrial Service Workers. 


The ideas and suggestions presented in this article have all been tried out 
on plantations ; and it is believed that the activities mentioned all tend to im- 
prove the morale of the labor and make the plantation a better i)lace on which 
to live. 

A quotation from Roosevelt expresses our sentiments better than any other 
words we could use : “Unless this country is made a good place for all of u.s 
to live in, it won’t be a good place for any of ns to live in.” 


An Entomological Inspection of the Kohala District. 


By C. E. Pemberton. 

The particular object of the trip, apart from general inspection, was to 
determine the abundance, distribution and injury, if any, of the wireworms 
which have been so numerous at Honokaa and Paauhau plantations. Soil was 
carefully examined about the cane fields of all the varieties of cane grown, in 
freshly planted fields, in young plant and in mature cane, at all elevations from 
the sea to the extreme mauka fields over the entire district, including the home- 
stead plots above Hawi plantation, as well as Puakea Plantation Company. Nc 
evidence was found anywhere of wireworm injury. The wireworm. Mono- 
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crepidius cxul, which has been so destructive at Honokaa, is very scarce at pres- 
ent in Kohala. Only one individual was found. This was an adult and indi- 
cations are that it never has been numerous in Kohala. The blackish white 
click, or snap beetle, to which this wireworm transforms when fully developed, 
has never been noted in great numbers at lights about the houses, according to 
statements by various regular residents in the district. If it had ever been abun- 
dant, as at Honokaa, it would very likely be recognized and remembered by the 
plantation people. 

The other species of wireworm, Simodactylus cinnamomcus, which has been 
rather uncommon at Honokaa, is also scarce at Kohala, but more numerous than 
the first species, Monocrcpidius exul. The Simodactylus is a large, brownish 
snap beetle. It has been frequently seen at lights in Kohala. Altogether, dur- 
ing two weeks in the district, I found fifteen adults and one larva or wireworm 
of this species. The larva was found in a cane stool at Union Mill Company, in 
the ground, but was not feeding upon the cane. There is no indication that this 
species is injuring the cane in Kohala. 

It will be remembered that during April we found grubs of Fuller's Rose 
Beetle, or (Ilinda Beetle, Panto morns fnllcri, abundantly present in the soil at 
Honokaa, and it was then considered possible that the great number of wire- 
worms then present was owing to the existence of these grubs. It is known 
to feed upon other insects and it seemed possible that the wi reworms accumu- 
lated here, or were attracted here in the adult stage, to avail themselves of the 
many < )linda Beetle grubs for food. I do not now consider this theory appli- 
cable to the situation, in the light of recent observations in Kohala. In all 
plantations of Kohala, including the homesteaders' fields, particularly above 300 
feet elevation, I found the grubs of the Olinda Beetle very numerous — more so 
than at Honokaa — and adults also very common. W'ireworms, however, of both 
species, though present, were exceedingly scarce. 

f)n June 3, in a niauka field of Stri])ed Tij) at Union Mill Company, adult 
Olinda Beetles averaged about one per every twenty sticks of cane examined. 
Twelve grubs of the beetle were dug from the soil in ten minutes' time. The 
grubs of the beetle apparently do no damage to the cane, though they no doubt 
feed upon the tender cane roots. The exact amount of injury accomplished by 
them would be interesting to determine. The work is obscure and could be 
easily overlooked. The grubs actually destroy the roots and kill the plants 
of .several berries and of roses in the States. The adult beetle cats conspicu- 
ous notches in the cane leaves, though very little actual damage was noted in 
Kohala by the adult. One wireworm and ten adults, all of the species Simo- 
dactyins ciunamomeus, were found in the above-mentioned field of Union Mill 
Company. The adults were found clustering in the foliage of a shrub near the 
cane. On the same date, in ten minutes of digging in the soil of homestead 
plantations above Hawi, fifteen grubs of the Olinda Beetle were found, and in 
following a tractor which was plowing this field, seventeen Olinda Beetle grubs 
were picked up in a few minutes’ time. No wireworms were i*een. On June 
5, in an extreme niauka field of Halawa Plantation, ten Olinda Beetle grubs 
were dug from soil in a Striped Tip field in about five minutes’ time. On June 
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7, in a mauka field of Striped Tip cane of Kohala Sugar Company, one hundred 
and forty-five Olinda Beetle adults were collected in 110 feet of cane row. The 
beetles were in the crowns of the stalks, or in the weeds about the stools. Larvae 
and pupae of this beetle were equally numerous in the soil of this field. From 
four small weeds (Verbena sp.) about three feet high, in this same field, fifty- 
one adult Olinda Beetles were collected. The beetle apparently prefers this 
weed to cane. No particular injury to the cane could be detected in this field 
where the beetles were so numerous. If there is injury, it will require a detailed 
and careful study, before proof can be shown. In spite of these large numbers 
of adult beetles and grubs, no wireworms were found. The Olinda Beetle does 
not fly and crawls very slowly. Fields that are free now can be expected to 
remain so for some time and vice versa. Olinda Beetles and their grubs were also 
common at Nivilii and Hawi Plantations and at Kohala Sugar Company. 

The Scolia parasite of the Anomala beetle was found established in Ko- 
hala. Two adults and one larva were found at Union Mill Company in a D 
1135 plant field at about 500 feet elevation on June 12. The adults were flying 
over weeds adjacent to the field, one being captured for determination. This 
individual, which was a male, was sent to Mr. Swezey for final identification. 
The Scolia larva was found feeding on a Japanese beetle grub, about seven 
inches underground in this same field of cane. The beetle grub was about 
one-half consumed when the parasitic larva was found. It shows definitely 
that the Scolia is taking naturally to the Jai)anese beetle in Kohala and some 
benefit in the future is likely to result. Mr. Swezey writes that colonies of the 
Scolia wasp were sent to Kohala from the Experiment Station in January or 
February, 1918, and in July, 1919. From these shipments it became estab- 
lished and has no doubt been feeding and develo])ing on the Japanese beetle 
ever since. It will very probably gradually increase. It forms an insurance 
for the Kohala plantations in the future, should the Anomala beetle ever acci- 
dentally reach Kohala from Oahu. There is no rca.son to expect the parasite 
to die out, now it is once established, as long as the Japanese beetle remains in 
the district for it to feed and develop on. 

Leafhoppers are everywhere in Kohala. The situation in respect to this is 
interesting. It is present everywhere and the hopper eggs are well parasitized. 
The heavy wind and light yearly rainfall serve to keej) the cane generally tough 
and hard. This checks the egg-laying of the hopper, and the parasites reach most 
of the eggs laid. The ab.sence of rain enables them to attain their maximum de- 
gree of efficiency. At Union Mill Company on June 4, in a mauka field of 
1921 Striped Tip cane, eighty-four hopper eggs were found in two hours of 
searching, 85.7% of which were parasitized by Fannia(/rus optahilis. In a 
makai field of 1922 Striped Tip cane of the same plantation, on the same date, 
seventy hopper eggs were found after three hours of searching. 88.5% of which 
were parasitized by Paranagnis. From 175 six-inch pieces of cane mid-rib of 
Yellow Caledonia cane of the 1921 crop, collected at Union Mill Company at 
500 feet elevation on June 16, I .secured forty-three hoppers, two hundred and 
thirteen Paranagrus optabilis and three Ootctrastichus formosanus. This repre- 
sents a total parasiti.sm of 84.1%. In mauka fields of 1922 Striped Tip cane of 



141 


Kohala Sugar Couipany on June 7, a total of one hundred and fifty-seven hopper 
eggs were found in one and one-half hours’ searching. Of these, 85.9% were para- 
sitized by Paranagrtis and 0.6% by Ootetrastichus formosamis. In two hours’ 
examination of mauka fields of Striped Tip cane, of the 1921 crop, at Niulii 
Plantation on June 8, a total of two hundred and thirteen hopper eggs were 
found, of which 90.1% were parasitized by Paranayrus. At Halawa Plantation 
on June 9, in a field of Striped Tip cane, 1921 cro]), in the center of the planta- 
tion, four hundred and eighty-eight hopper eggs were found after three hours of 
searching. ( )f these, 84% were parasitized by Paranayrus optabilis, and 10.2% 
were ])arasitized by Ootetrastichus formosamis. This is a high parasitism, totaling 
94.2%. At llawi Plantation, hoj)pers were generally scarce, and wherever eggs 
were examined the j^arasitism averaged much the same as at the other plantations. 

To obtain definite figures on the abundance of adult hoppers over the dis- 
trict, all hoj)j)ers found in an average field at Union Mill Company, at 500 feet 
elevation, were counted, that could be found in two hours of constant search- 
ing. total of eighty-seven were found. Five of these were parasitized by 
Dryinid parasites and one adult Dryinid was found of the species Pscudoyonato- 
pus h os pcs. 

The trash-feeding beetle Gonoccphalum scriatum, a short, broad, black, 
slow-moving beetle, ])rescnt in the soil about the cane, is exceedingly prevalent 
in the cane fields of Kohala. The larvae of this beetle — a so-called “fake wire- 
worm’* — is very common in the soil. It greatly resembles the true wireworms 
and may be easily confused with them. It forms a definite and conspicuous 
part of the in.sect fauna of many cane fields, particularly in Kohala at present. 
It was so numerous here that an attempt was made to record the extent to 
which it occurs in the fields. .\ total of five hundred and twelve larvae of this 
beetle were collected in a day's time on July 11. at Union Mill Company, in a 
field of I) llvI5 ])lant cane, of the PU2 croj), in a small area amounting to less 
than one-(|uarler of an acre. These larvae have been saved for further investi- 
gation. 'I'he food habitN t)f a soil-inhabiting beetle so common in the cane fields, 
need further study. It probably feeds only cai decaying cane and weed roots 
and other \egetable matter in a tlecomposed condition. An attempt will be made 
later, when op])ortunity afford^, to secure definite data on its food habits. 1 here 
is a J)o.^sibilily that it may take living cane n^ils to some extent. It feeds readily 
on raw potato in conlinement. It is checked somewhat on ( )ahu by a parasite. 
1 saw none of this parasite in Kohala. 
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Pythium in Relation to Lahaina Disease and Pineapple 

Wilt. 


By C. W. Carpenter. 

The so-called Lahaina disease or deterioration of the Lahaina variety of 
cane in Hawaii has been of general concern to cane planters since about 1909, 
when serious damage became evident at Ewa Plantation. Since then the disease 
has manifested itself more or less seriously on Maui and Kauai and through- 
out the Puuloa and Pearl Harbor sections of Oahu; and more recently on the 
mauka virgin lands of Oahu Plantation, where the variety H 146 also failed 
signally in certain areas. There is little doubt, however, that the same disease 
was responsible for the much earlier failure of the Lahaina variety on the Island 
of Hawaii. 

Similarly we find in the literature references to the deterioration of Bourbon 
(Lahaina) and Cheribon cane, etc., in other countries, including Java, Mauri- 
tius and the West Indies, the descriptions and observ^ations made strongly in- 
dicating that the same conditions obtain almost wherever sugar cane is grown. 
The pineapple *‘wilt’’ disease, now so prevalent locally, offers a parallel case in 
its history. 

While no attempt will be made here to review the pertinent literature com- 
pletely, it is not out of place to cite the experience of other countries with these 
diseases, and to bring together certain facts which illustrate their conflicting 
nature. Some writers have held the view that cane varieties are not stable and 
that they run out after a varying period. It is not denied that there is consid- 
erable evidence in support of this view. It is not proposed to take up the ques- 
tion of varietal deterioration^ extensively, but only as such deterioration ap- 
pears to bear a relation to our Lahaina deterioration. 

In this paper the writer proposes to cite some facts as to the occurrence 
of this type of disease, facts relating to the character and symptoms of the dis- 
ease, together with some theories as to the cause which have been advanced. 
Some experimental evidence in support of the Pythium theory is j>resented, to- 
gether with plates illustrating the work. 

No attempt is made to consider other cane root rots, such as the one at- 
tributed to Marasmius sacchari, etc., though perchance some confusion exists 
in the literature and will find its way into these remarks. Root rot is a general 
term applied to root troubles in general as well as to certain diseases of the 
roots where no cause can be demonstrated, and thus the above-ground symp- 
toms of the plant irfey result from a variety of causes. In this paper the term 
root rot is used in a restricted sen.se and refers specifically to the type of dis- 
ease represented by ‘‘Lahaina disease’* and pineapple “wilt.” These diseases 
are removed pro tern, from the category of “physiological** root rots and an at- 

i Cf. Planters^ Record IX, p. 462 et seq., 1913. 
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tempt is made to demonstrate that the determining cause is a specific fungus 
of the Pythium type. 

PART 1 — HISTORICAL. 

Regarding the so-called deterioration of varieties of sugar cane, notably 
the Bourbon, apparently the same as our popular Lahaina variety, there exists 
a considerable literature scattered through tropical agricultural journals, etc., 
only a few articles of which the writer has been able to consult. So far as these 
articles refer to the deterioration of the Bourbon cane and similar cases, there 
is a marked similarity to our experience with the Lahaina cane in Hawaii. 

Similarly in the literature we find references to the disease called pine- 
apple “wilt.’’ Whether the disease or condition is the same as we are experi- 
encing with this crop cannot be definitely stated. No doubt there are several 
conditions which bring about the “wilt” symptoms, such as impoverishment, 
dry weather, and nematodes, in addition to the obscure malady we are investi- 
gating in liawaii. 

A few extracts are quoted below from the literature which support the as- 
sumption that we are not dealing with a problem peculiar to Hawaii. For the 
history of these disea.ses as they occur in Hawaii and for other references to 
the literature of the subject the reader is referred to the various Bulletins of this 
Station, and to the articles in the Planters* Record by Cobb, Agee, Lyon, Larsen, 
Burgess and others. 

Sugar Cane. 

British W est Indies. A few paragraphs on varietal deterioration are quoted 
from “Sugar Cane Experiments in British (luiana," by Harrison, Stockdale and 
Ward.* ( ]). 177 ct saj. ) : 

“In all over eighty so-called varieties of sugar cane were collected 
together and these were finally grou])ed under forty-four names. . . . 
Despite our efforts nineteen varieties have died out since 1890. . . . They 
have received similar treatment to plant canes and to ratoons on sugar 
estates in the Colony. . . . They have been rei)lanted every few years, 
and thus it may be accepted that they have been under estate treatment. 

Is this loss of nearly half of the varieties from a collection not of sig- 
nificance? The deterioration of the Bourbon- variety of sugar cane has 
been remarked by every sugar planter in British Cniiana and probably 
in every one of the British W est Indian sugar-cane growing colonies, 
but our experience as above indicated shows that this deterioration is 
not confined to the Bourbon and to certain seedling varieties. 

“The gradual falling off of the Bourbon cane commenced in 1896 
and became very aj^preciable in 1904. . . . The falling off of the Bour- 
bon variety, the old standard sugar cane of the colony . . . was a grad- 
ual one. . . . One of the earliest symptoms of ‘running out/ ‘falling 
off* or ‘degeneration’ was a reduction in its capacity for responding to 
treatment with nitrogenous manure. There was also a change in the 
color of the foliage and a very apparent falling off in vigor. 

1 West Indian Bulletin, Vol. XIIT, pp. 9.J-218 — ^Harrison, J. B., Stockdale, F. A., 
and Ward, R. 1913. 

- Lahaina. 
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“The falling off here illustrated must not be confused with the 
gradual falling off in yield normal to the cultivation of any variety of 
sugar cane where the practice of long continued ratooning is followed. 

. . . Two of us, in 1905, were called into consultation as to the con- 
dition of the canes on a certain estate. . . . The Bourbon variety was 
practically the main variety cultivated. The whole of the Bourbon canes 
were very seriously diseased, and in fact some fields were so badly af- 
fected that the canes were not taken to the mill. The proprietors seri- 
ously considered the abandonment of the estate, but by the substitution 
of seedling varieties, notably D 625, for the Bourbon variety, the estate 
has been entirely rejuvenated. . . . 

*Tt is almost unnecessary to point out that under favorable condi- 
tions of growth the duration of useful life of a sugar cane may be ma- 
terially lengthened, that a change of soil and environment may brace it 
to renewed vigor and that whilst a sugar cane may suffer from ‘running 
out’ or senility in one locality it may be in full vigor of life and vege- 
tative activity in another. 

“An argument which may be adduced in the case of the Bourbon 
cane against this theory of running out or senility, is that it had been 
under widespread and long continued cultivation in British (luiana until 
about 1895 without showing any sign of degeneration. But the records 
of other sugar-growing countries show that the Bourbon cane has run 
out in the majority of them and its cultivation has had to be largely 
curtailed or abandoned. The running out has occurred after very vary- 
ing lengths of cultivation in different countries. It occurred in Queens- 
land as long ago as 1872, when the variety had been there in cultiva- 
tion only a comparatively few years. Its effects commenced to be 
marked in the Northern We.st Indian Islands early in the nineties of 
the last century, probably preceded somewhat in Barbadoes, where its 
cultivation had been the most intensive . . . and followed a little later 
in St. Vincent.” 

Further on the statement is made: 

“The more noticeable points are that the susceptibility of the Bour- 
bon cane to fungoid attacks is far in excess of that of any other variety 
now under cultivation in the experimental fields.” 

Java. Regarding the occurence of root rot of cane or “W'ortelrot,” 
Java, we may quote Lyon 

“ ‘Wortelrot’ has been known for many years in Java and has re- 
ceived considerable attention from piant pathologists. In 1905 Kamer- 
ling published a book of some 200 pages dealing with various asj)ects 
of the subject, but supplying no tangible conclusions. 

“In Java the trouble does not ap[>ear to any extent in the young 
cane, but comes on when the plants are about two-thirds grown. In 
this connection it should be noted, however, that the cane makes its early 
growth during the rainy season and ‘Wortelrot’ ap])ears in the dry 
season. 

“While in Java I made a careful study of this trouble and the work 
which had been done upon it by the Java pathologists. The following 
paragraph is taken from my notes made at that time: 

“Canes are apt to die off early in the dry season ; this is especially 
true of some varieties, i.e., Cheribon. Their root system fails to per- 


in 


1 Lyon, H. L.— Planters^ Record XH, No. 5, pp. 297-298, 1915. 
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form its proper functions ; the old roots die and no new ones are pro- 
duced, and consequently the cane dries up. They look upon this in Java 
as due to the aging of the cane, or lack of vitality due to old age. Miss 
Wilbrink says it is not caused by a fungus even in part. When the cane 
begins to die of ‘Wortelrot,’ watering will not save it or seem to help it."' 

Sorauer' has the following to say about the root rot of cane: 

''Among the numerous diseases of sugar cane, root rot plays an 
important part. In java it is considered the worst enemy of sugar-cane 
culture. Naturally growers have not failed to cite the microroganisms 
[V erticillium (Hypocrea) SaccJiari, Cladosporium jazmticum Wakker, 
Allantospora radicicola Wakker, Pythium, etc.j colonizing on the dis- 
eased roots as its cause. Nevertheless, Kamerling’s- recent experiments 
have now confirmed beyond all doubt the su])i)osition that a constitu- 
tional disease is concerned here, resulting from compacting the soil. 
Raciborski, with Suringar,'^ has expressed the theory, earlier proved, 
that by transplanting sugar cane which had suffered from the root dis- 
ease known as ‘Dongkellanzickle* to other soil, the plants would become 
healthy. The disease occurs csj)ecially in heavy clay soils and manifests 
itself in Java, when at the beginning of the spring monsoon the plants 
die with alarming rapidity after they have already shown for some time 
an abnormal branching of the roots and also deformed root hairs. Me 
investigated the soils in which the disease occurred and found that they 
did not have sufficient friability and easily became com])acted. The 
permeability of the soil can be increased by suj)plying humus, since this, 
as also ferric hydroxid or silicate rich in iron, favors the formation of 
friable soils. Since the humus is gradually lost by oxidation, care must 
also be taken to retain the porosity of the soil by a renewed su])ply of 
stable manure, rice straw or green fertilizer (compost).’' 

That a fungus (T the Pythium type has previously been observed in cane 
roots is indicated by the following extract from W akker an(’ W ent’ : 

“In the first treatise on sereh disease Treulr' mentions, besides an 
Heterodera (nematode) ... a mold found by him on the roots of sereh 
diseased cane. 

“lie classifies this mold as most jM’obably belonging to the genus 
Pythium, with which it really has some resemblance, and the conse- 
quence was that in the later literature on sereh disease the j)resum})tive 
Pythium is always mentioned as the probable cause of sereh. Strangely 
enough, no close investigation was made until 1S91, when Tschirch pub- 
lished an article wherein he classifies the above mentioned mold under 
the endotrophic mycorhiza of Frank. It seems to me that he is right. 
True enough, Treub states that when pieces of the root containing the 
fungus are placed in water, certain swimming spores which belong to 
the Pythium type ai)peared, but about any relation between the two 
nothing can be found in his treatise. I would suggest that the name 


I Sornuor, U.—Manunl of riant IMsoasos, Yot. I, pp. 228 9. 1900-1909. Translation 

by Krn nc'i's Dorranoi*. 19 lo. 

Kainorling, Z.— Vorslag van hot Wortolrot Omlerzook, Soonibaia. 

^lii ** ModoOoolingon van hot Proofstation vor Suikorriot in WesI 
ni. Zeitsclir. f. J'Haii/.onkr.. IPOl, 274, and liWS. S8. 

n Treub, M. — Oiidorzuckingi-n (iv»*r .Soreh-ziok Suikernet. Medcdcclingen uit s l.-and,, 

Plautentiiin II. ISSo. 


190;i. 
"West -Java. ’ ^ 
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Pythium for our first root mold be dropped and for the time being 
simply call it Root Fungus No. 1. 

“The following are my personal observations regarding this peculiar 
fungus. When examining the thin roots of the sugar cane we nearly 
always find strong, winding, thick-walled fungus threads inside the 
cells. Treub mentions the same about the roots of sereh diseased plants. 

In certain preparations I saw that they were connected with similar 
fungus threads which run between particles of the soil. ... As Treub 
describes and as roughly sketched by Tschirch, the threads often form 
close clews in the deeper cells of the cortex. Here they are always 
thinner than the first mentioned threads and often they are difficult to 
find on account of the protoplasm of the attacked cells having changed 
to a crumbling mass of low transparency. The mold threads themselves 
having died off here and there. . . . Cross walls appear here and there, 
but always as an exception. Except in the soil and in the cortex 
cells of the thinner roots, I have never found this fungus. 

“At the ends of the threads, both in the soil and in the surface 
cells, round objects are found, sometimes deformed by the shape of 
the cells to a more or less cylindrical form. At first sight tliey look like 
propagation organs. . . . Sometimes these round bodies have thick 
walls, wherein different layers can plainly be distinguished. . . . 

“While Treub considered this fungus a parasite causing the death 
of badly infected plants, Tschirch believes, in accordance with the the- 
ory of Frank (endotrophic mycorhiza), that the cane is not injured by 
this fungus, but that by symbiosis it may be useful to the plant. There 
is no proof, . . . and I believe it better to classify this fungus with the 
parasites. 

“It is quite true that once in a while a strong develojnnent was 
found in dead roots {Saccharum ciliarc), but there was no proof that 
the fungus was the cause of death, and cannot very well be furni.shed 
as long as pure cultures of the func/us are not kno7int. So far nobody 
has succeeded in obtaining these} I only want to add that no root 
fungi are found in the roots in sterilized soils.” 

Besides the deterioration of variety or senility theory, brought out in a pre- 
vious section, many theories have been more or less thoroughly investigated, 
especially in Hawaii. Although a theory of a fungus or other parasite as a 
cause has been advanced before in other countries as well as Hawaii, to the 
writer's knowledge no experimental proof of parasitism has been obtained. It 
is not proposed to review th'e various theories in detail, but merely to cite them 
and the apparent conclusions reached, if any, to illustrate the elusive nature of 
the problem, and the attention the disease has received. 

Among the theories advanced and rather completely investigated in Hawaii 
are the following: 

1. Attacks of parasitic organisms. 

2. Senility, deterioration or running out of variety. 

3. Root rot. 

4. Soil toxins. 

5. Lack of available plant food. 

6. Bacteriological relations. 

7. Black alkali. 


1 Italics, the present writer 's. 
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Cobb^ took up the study of root disease of cane in Hawaii, and consid- 
ered such fungi as Ithy phallus, Clathrus, Dictyophora, and Marasmius. Maras- 
mius sacchari is generally accepted as a cause of a certain type of root rot. As 
to the causal relation of species of Ithyphallus, Dictyophora and Clathrus to the 
disease of cane under investigation, to which fungi much of the damage was 
attributed by Cobb, no proof was offered. 

Amongst a wealth of detail, the abilities of the fungi as parasites were 
neglected. At the most Ithyphallus is claimed by Cobb to be a wound parasite. 

Lyon^ attacked the problem from the first three angles above mentioned : 
Parasitic organisms, senility, root rot. He summarizes his investigations as 
follows : 


“Careful microscopic and cultural studies, however, though long 
continued and oft repeated, failed to reveal any parasitic organism which 
could |X)ssibly be responsible for the disease. The transfer of diseased 
foots to the soil about the roots of healthy canes failed to transmit the 
disease. Cuttings from diseased plants produced strong, healthy stools 
when planted in other soil. Diseased stools recovered when transplanted 
to other soils. As a result of these studies and experiments we were 
forced to conclude that the trouble could not be ascribed to parasitic 
organi.sms.*’ 

As to the senility theory, that Lahaina cane 

“has not lost its ability to grow and produce as large and vigorous cane 
as ever, if its pre.sent requirements of soil, temperature and moisture 
are satisfied, is amply demon.strated by the following history of a few 
stools of Lahaina cane : 

“The stools mentioned were some of the worst that could be found 
at ^\’aipio. 'riiey were dug out and with the soil clinging to the roots 
were planted at Honolulu (May 21). 

“By the end of the summer these stools had produced a perfect 
stand of as healthy Lahaina cane as could be found anywhere in the 
l.slands. 

“The nearly dead, constricted, original .sticks resumed growth and 
became nearly as robust as the sticks from the new shoots. Some of the 
constricted sticks grew 13 feet after being transplanted. 

“This little experiment woukl seem to effectually eliminate senility 
and parasitic organisms as plausible explanations for the Lahaina dis- 
ease. . . . Lahaina disease must therefore be diagnosed as Root Rot. 

Its correction is a problem in soil sanitation.” 

In subsecjucnt work, l.yon-^ <letected the resting spores of an organism said 
to belong to the Chrytridhicac, in the roots of cane and pineapple. Almost 
simultaneously with the pre.sent writer^ the theory was advanced that both 
Lahaina disease and pineapple “wilt“ were possibly caused by the same or- 
ganism. Subsequent work"* on the Pythium theory by the present writer in- 


1 Cobb, N. A.— Pathological Bullctina r» and 6. H. S. P. A. Experiment Station. 

2 Lvon, II. L. — IManters* Record, Vol. XII, pp. 299-1104. 1915. 

a Lvon, H. L. — A jireliininarv report on the root rot organism. Planters’ Record, 
Vol. XXI, pp. 2-8. 1919. 

4 Hawaii Agricultural Experiment Station. Press Bui. No. 54. 1919. 
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dicated that the resting spores studied by Lyon were identical with the resting 
spores of the Pythium type fungus. 

Peck and Agee^ investigated the Lahaina disease on the theory of soil 
toxins and tried a number of soil treatments, including different forms of lime, 
carbon black, pyrogallic acid, green manuring, fallowing, etc. The character of 
growth of Lahaina cane in affected soil, virgin soil, sterilized affected soil, ster- 
ilized virgin soil, and mixtures of 80^ virgin soil and 20% affected soil, was 
observed. Sterilization of affected soil resulted in an increased growth. Leach- 
ings from affected soil failed to induce disease in plants watered therewith. The 
most encouraging results from Peck and Agee’s experiments were the gains of 
plots where green manuring was practiced over fallowed plots. 

Burgess- found some correlation between the occurrence of Lahaina dis- 
ease and the presence of black alkali in the soils. In his opinion black alkali 
is not the only cause of Lahaina disea.se, but is doubtless a contributing factor. 

As to available plant food, Burge.ss concludes; “Lahaina disease cannot 
be attributed to lack of available plant food. In many cases more is present 
under the poor cane than under the good.” 

Some work was done by Burgess along bacteriological lines, with results 
as indicated by the following quotation : 

“From the bacteriological work which has been done on these soil 

samples it is very evident . . . that we must turn activities in other 

directions are we to find the true cause for the deterioratir)n of 1-a- 
, haina cane on Maui, Oahu and Kauai.” 

r 

Pineapple. 

It should be emphasized again (cf. p. 142) that we have no sali>fa('tory 
means of determining readily the disease termed “wilt” of pineapples and dif- 
ferentiating the epidemic disease from those other diseases or conditions re- 
sulting from poor .soils, lack of water, malnutrition, etc. Besides examining the 
plants one must be familiar with the field from which the plant is removed, 
and preferably make a field examination before an opinion can be hazarded. 
Like the term root rot in the broad .sense, “wilt” is a collective term, but we 
are attempting to limit its meaning in this paper to a narrow sense, signifying 
a spreading and destructive^ di.sease, which gives evidence of being ])arasitic in 
origin, at least in part. 

An article by H. T.*^ in the Queensland Agricultural Journal furnishes a 
rather comprehensive account of a pineapple disease occurring in Queensland, 
which suggests the “wilt” of this crop as we know it in Hawaii. This article, 
while comprehensive as to observations on the disease, is unfortunately very 
superficial as to facts from experimental evidence, and as to the fungus men- 
tioned as associated with the disease, nothing is furnished in the way of a de- 
scription from which we can determine what .sort he observed. Some signifi- 

1 Agee, H. P. — Planters^ Record XTI, pp. a74dJ89. 1915. 

2 Burgess, P. S.— Planters' Record XIV, pp. 303-a26, 3*53-370. 1910. 

s H. T. (Tryon ?) — ^^Thc Pineapple Di.sease," by H. T. Queensland Agricultural 
Journal, Vol, XV, Pajt 1, pp. 477-48.5. 1904. 
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cant statements which may have a bearing on our pineapple problems are quoted 
below : 


‘‘In 1887 the growers of pineapples at Mundah, . . . became greatly 
concerned on discovering that these plants were failing, and this in spite 
of all effort to obviate so undesirable a contingency. And they even an- 
ticipated that the fine orchards there would be extinguished if this af- 
fection continued to spread as rapidly and extensively as it had recently 
done. These expectations have not been realized ; but nevertheless pine- 
apple growers have in .some instances ever since then experienced by 
reason of its occurrence considerable annual loss . . . the malady com- 
plained of has not been general in the district, and even those growers 
who have had to lament its presence are already ])ersuaded that, as has 
happened in the past and so may transpire in the future, their cultiva- 
tions will become free of it. All . . . will welcome an exposition of 
its true nature and of the circumstances which determine its capricious 
occurrence at particular seasons and in definite and .special localities. 

“. . .it may ])e remarked that pineap])les when affected by this 
disease in question present the following distinctive features: Their 
ordinary somewhat darkish-green hue gives place to one in which red 
and yellow ])redominale : or, owing to the wilting and twi.sting of the 
leaves from their jioints downwards, a brownish tint ])ervades the j>lan- 
tations . . . the lea\es have lo.'^t to a certain extent their usual tur- 
gidity; they lack the full rigidity .so characteristic a feature in the leaves 
of the healthy pineaj)j>le jdant ; and if they bear fruit at all, this has al- 
ready assumed a yellow isli hue long prior to the time when under or- 
dinary circumstatices it should do so. As usually happens there are far 
more pronounced .symptoms of decadence, for the plant has both com- 
menced to die back and become rotten. 1'he apical leaves and shoots 
ha\e cither already fallen away or may readily be removed cn masse 
by the hand for . . . they are already decayed at their bases of attach- 
ment. , . . ( )n lifting from the ground a plant presenting these symp- 
toms, it will be found that the root.s ]>ro])er and rootlets are already dead 
and in an advanced stage of decay, and that no new ones arc .‘succeeding 
them. A longitudinal section through a ])ineaj^ple plant in which the 
disease is not far advanced reveals the fact that as regards its external 
manifestations decay has commenced at the growing apex, proceeding 
thence downwards into the stem.^ Further inquiry will render it evi- 
dent that very early in the history of the disease, and even when these 
external .symptoms are still unmanife.sted, the roots or rootlets have al- 
ready perished. . . . 

“In the earliest indicalitm of root disturbance encountered both 
roots and rootlets are normal in a])pearance, but the micrc^scopic hairs 
which so thickly clothe them, instead of being obtu.sely pointed simple 
cylinders, are terminally widened and twisted. . . . Then, as an illus- 
tration of further development, the pineapple plant has its roots and 
rootlets di.scolored at the tips, and tending to collap.se on pressure on 
this situation. 1'hcn occur plants the roots of which are terminally pale 
brown, collapsing readily on pressure, instead of being white and re- 
silient . . . this extends upwards along the course of the root. . . 
then finally we meet with plants in which the roots are all decayed. 

“If suckers derived from badly affected plants . , . are planted 
under certain conditions as regards soil, they will not exhibit the dis- 

1 Apimreiitly a confusion of top rot with wilt, or f‘lso the in Queensland 

has (liflForent syiiiptoiihs than in Hawaii, possibly due to difference in clinnite. 
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ease on becoming established, and will, moreover, produce healthy plants 
. . . the disease occurs quite spontaneously in plantations without any 
circumstance existing to favor the supposition that it has originated 
through infection. Further, it cannot be communicated at all or only 
exceptionally. Again roots may commence to decay in the manner indi- 
cated, and then the process stops, new lateral offsets arising to take on 
the functions of those organs which they replace. Thus it would ap- 
pear that the inception and continuance of the disease is determined by 
certain conditions apart from those furnished by the plant itself. 

. .it may be remarked that some of the oldest growers are of 
the opinion that the pineapple plants, as being the progeny of one stock, 
are in gradual process of deterioration. . . . As a matter of fact, how- 
ever, plants from remote localities have from time to time been intro- 
duced, yet without such results following their introduction as the ad- 
vocates of ‘new stock* are wont to anticipate. 

“Commonly, the disease selects the young plants in preference to 
the old,^ and this circumstance is similarly accounted for, also must 
not be forgotten that the critical period in the life of the pineapple is 
during the second and third years of its existence. 

“When no other conditions obtain which tend to impair the healthy 
vitality of almost any plant, but especially the pineapple, it may be ob- 
served that certain classes of soil especially favor the disease — namely, 
those in which the water remains near the surface, either (1) owing 
to its inability to percolate to lower levels by reason of the ]>resence of 
an impervious subsoil, or (2) too ready connection with lower water- 
bearing strata owing to some special property in the subsoil facilitating 
capillarity. 

“Thus there are two different classes of soil in which plants sub- 
ject to the disease occur, a circumstance which has given ri.se to the 
opinion that the character of the soil in no way influences its presence. 
Abundant evidence, however, confirms the oj)posite conclusion. 

^^Cultivations in'zvhich the disease is general have their soil an- 
szvering to one of the follozving descriptions: 

“(1) A shallow, sandy loam with clay .subsoil. 

“(2) Soil of good depth, largely compo.sed of sand, becoming 
paler downwards and resting on clay. 

“(3) A more or less argillaceous- shallow .soil (18 inches) rest- 
ing on clay. 

“(4) Pale colored clayey loam, but 1 to 6 inches deep, resting 
on clay. 

''The follozving soils grozv pineapples free from disease: 

“(T) A reddish brown or red loo.se deep soil, with or without 
small ironstones, resting upon an open ferruginous ‘cement.' 

“(2) A rich open loam, of considerable depth containing little 
free sand. 

“It happens that some of the soils, though when wet weather 
prevails they determine, owing to their excessive moisture, the pres- 
ence of the disease, are especially suitable for the growth of the pine, 
and yield heavy crops in time of drought, and this is especially the case 
when the impervious clay pan is some depth from the surface. All 
soils are, however, improved as far as relates to the growth of the 
pineapple plant by artificial drainage, and diseases will in many cases 
give place to healthy growth wherever this is properly carried out. 

1 There are plants 30 years old which show no symptoms of disease. 

2 Clayey. 



“The conclusion of the whole matter is, then, that the disease of 
the pineapple plant is caused by a special fungus which lives at the 
expense of and so destroys the roots — a fungus which is secondary, the 
injury being primarily occasioned by the soil not being in a condition 
for healthy growth.”^ 

The following remarks are abstracted from an article on pineapple wilt 
by \V. Nowell 

“An affection of pineapple plants occurring on trial plots at Grove 
Botanic Station, Montserrat, has recently received attention. . . . The 
plants are of local stock (Ripley) . . . the first indication is a red- 
dening of the foliage, which later becomes strongly marked, and the 
leaves wither from the tip downwards. More than half of the quarter- 
acre plot is now affected, and the disease continues to spread. Its 
progress is hot very rapid : The general appearance is that of a slowly 
jjrogressive droojjing and wilting of the leaves, accompanied by a loss 
of color and ending in the complete drying up of the plant. ... It 
is quite certain that the malady spreads to plants adjacent to those first 
aflfected. . . . 

“In the specimens under consideration there are present in the 
roots from an early stage of their failure, fungus hyphae occupying 
the vessels, and the presence of hyphae is referred to by most writers 
on the subject. Most commonly the fungus referred to is a Fusarium. 

, , . The presence of such fungi on the roots is not of much value 
as evidence of their pathogenic nature. . . . The evidence which is 
most suggestive of a parasitic origin for the disease is that with re- 
gard to its communication from one plant to another, but in this 
resj)ect the evidence from different countries is conflicting. 

“There are two sets of ideas, more or less opposed, with regard 
to the nature of this disease. ( a ) That it is due to infection. . . . 

(b) That the di.sease is ])rimarily due to some unfavorable conditions 
of growth. 

‘Tn the case of the beds at Grove Station there is no unfavorable 
factor apparent. . . .On the other hand none of the specimens ex- 
amined from 1907 to the pre.sent time has revealed the presence of any 
parasitic organism adequate or constant enough to account for the 
aflfeclion." 

Smitlr^ states: 

“In practice we have reason to believe that a diseased stock will 
prove a center of infection. 

Lucas 

“In a field (^f Ripley pineapple plants after the wilt makes a start, 
no matter how small the affected area might be, it will in an incredibly 
short space of time spread over acres, and in a few months will com- 
])letely kill every plant, no matter whether the plants are old or young ; 
but this disease seldom allows a plant to become of any age before it 
completes its work of ruin.” 

1 NOTE; — No oxperiiiuMital ovidoiife is offered in support of the above views by 
H. T. — (Author). 

2 In The Agricultural News, ^’^ol. XV, No. 367. 1916. 

•‘Smith, C. K. — Bulletin Botanical Department, damaica, IX, 161. 1902. West Indian 

Bill., IV, 110. 1,904. 

4 Lucas, F. L. — Bui. Dept. Agrit . Jamaica, V, 41. 1907, 
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According to Nowell, the Red Spanish variety in Montserrat is quite im- 
mune to the ‘‘wilt” disease, in contrast to the Ripley and all the other members 
of the Queen family. 

Larsen^ holds the following view : 

“The malady as occurring in Hawaii docs not seem to spread from 

one plant to its neighbor, but appears in a sporadic manner.” 

Since 1910, however, we have had several sections in which there can be 
little doubt of spreading, i.e., Kailua section, virgin land and plant crop in 
1918-1919, and similar e]>idemic manifestations in 1919-1920, in various parts 
of the Islands, indicating a change in nature of the disease. 

PART II — EXPERIMENTAL. 

Since the publication of the writer’s preliminary report- on root rot of 
cane (Lahaina disease), pineapple (wilt) and other crops in Hawaii, the ex- 
periments reported therein have been largely repeated, with identical results. 
During the past six months, while the investigation of the root rot problem has 
been carried on at this station, further interesting observations have been made. 

It will be recalled that upon taking up the investigation of the root rot 
of cane, the theory was advanced that “Lahaina disease” and pineapple “wilt,” 
as well as several other diseases of Hawaiian crops, were essentially of the 
same origin and were induced by a fungus allied to the genus Pytliimn; that 
“Lahaina disease” and pineapple “wilt’* diseases were essentially the results of 
a “damj)ing off” of the roots under suitable soil conditions. 

In this section t»f the paper it is proposed to collect recent miscellaneous 
observations on the root rot ])rol)lem which have been recorded in the monthly 
progress rcj)orts, together with a discussion of the present status of the ‘‘La- 
haina disease” and pineapj)le “wilt” problems. 

Evidence Supporting the Pythinm Theory. 

In order to be cciiivincing, ex])eriniental research seeking to establish the 
fact that a specific fungus causes a certain disease, must satisfy some funda- 
mental re(|uirenients. Among the most important of the requirements set up 
by ])athologists in this respect are the following: (1) Constant association of 
the fungus with the disease in sufticienl quantity to make it plausible that the 
fungus is the cause. Presence of the fungus in and about the healthy tissues 
at the border of the lesions, and apparent ability of the fungus to attack healthy 
tissues rather than merely to inhabit dying or dead tissues. (2) Parasitism. 
Ability of the fungus to produce the characteristic symptoms of the disease 
when brought In means of pure cultures into contact with susceptible host 
plants, and inability of other associated fungi to jwoduce the symptoms. (3) 
The successful reisolation of the specific fungus from the artificially induced 
lesions of inoculated diseased plants, and the successful inoculation of sus- 


J Larsi*n, L, T). — Pathological Bull. 10, this Station, 1010. 

- tVo.ss Bulletin 54, Hawaii Agricultural Experiment Station, December 9, 1919. 
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PLATK IT. 

“ Resistant ^ ^ Deiiierara 11313. Tip of root showing resting spores ainl other stages of 
th(? f*uthitn)i tyi>e fungus. Soil irioeulated. 

Fig. 1 X200 Fig. 2 XoOO 

Crushed root tips of I) 1135 growing in steam sterilized soil inoculated with the Ptfthuim 
from Lahaina cane. Similar results accompanied root injury in H 109 and Yellow (’aledonia, 
indicating that the resistance of these three varieties is relative, not absolute. The large 
nuitober of spherical resting spores and associated swollen mycelium are illustrated. Such 
conditions are found in Lahaina cane and pineapples, both in the inoculated soils and in the 
Held. 
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ceptible plants with the reisolated fungus. The investigation of points (2) 
and (3) can be prosecuted ad libitum, until the investigator himself is assured 
of the causal relation of the fungus to the disease, and that no other fungus 
associated with the disease will produce the symptoms under the same arti- 
ficial environment he may have to set up by the very nature of the problem. 

With pathological problems, the extent to which it is possible to meet 
these requirements varies. Owing to the capricious character of this disease, 
no satisfactory scheme for inoculation of plants under natural field conditions 
has yet been devised. As can readily be seen from the following statement of 
our present knowledge, as demonstrated by the writer’s experiments, these re- 
quirements have been met sufficiently to warrant further active consideration 
of the theory, if indeed they do not warrant acceptance of the soundness of 
our hypothesis. With respect to the requirement, “constant association of the 
fungus with the diseases,” the evidence is still meager. Only extended observa- 
tions can satisfy this requirement. For reasons given below, it may for a long 
time be difficult to demonstrate the fact of constant association of Pytlimm 
with the root rot diseases of pineapple and cane. 

Association of Pythium u'ith Lahaina Disease and Pineapple Wilt. 

In seeking to locate the ])ossible cause of root failure, which was earlier 
determined by various investigators to be the fundamental reason for the above- 
ground symptoms of disease in cane and pineapples, there was little success. 
Since no parasite could be detected, the diseases have been variously attributed 
to unsanitary conditions of the soil. This has been interpreted to mean physical 
or chemical conditions of the soil unfavorable to the plants, such as the pres- 
ence of injurious chemicals, or plant toxins, or absence of necessary chemical 
elements, etc. 

A working hypothesis which has been drawn up by the writer for further 
investigation of the problem takes into account the suspected elusive and tran- 
sient features of the fungus deduced from the caj)ricious occurrence of the dis- 
eases. The conflicting history of the diseases furnishes a basis for assumptions 
which are as follows: (1) The organism is active periodically (cf. temperature 
considerations, p. 172) : (2) the symptoms of disease as observed on the above- 
ground j)ortions of the plants are manifested after a greater or less time sub- 
sequent to actual root failure; (3) and that at the time the plant has notice- 
able .symptoms of disease the affected roots are in such an advanced condition 
of di.sea.se that the parasite can be detected, perchance, only after pain.staking 
search, and if present at all then is not a conspicuous occupant of the roots. 
In other words, root failure is not necessarily coincident with above-ground 
symptoms, but in greater or less degree correlated with the seriousness of the 
gross symptoms, has preceded the manifestation of the latter by a greater or 
less period of lime. 

It is perhaps significant in this connection that with cane symptoms of 
root failure arouse general interest in the fall months and winter, while with 
the pineapple, the symptoms are perhaps most alarming in the spring months. 



PLATE Ur. 

Lahaina cane, age 4% months. Hick Waipio soil steam sterilized. At left soil inociilatetl 
with Pythinni type fungus; at right uiiinociilateil control. Throe and one-half mouths after 
inoculation. 
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4-9. — ^Uninociilatetl controls. Note mass of feeders. 
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PLATE V. 

Root systems stoaiiUMi sirk Waipio soil. (Moser view of eertaiii fijjiires of 
Fig. 4, iininoriilateM control. Ag«», 4^2 months. Note mass of se«'on<lary fee<li 
meiit of feeding roots^ anM cuts off the primary roots to a great or less extent. 
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A partial recovery of little affected plants and checked spreading of the dis- 
ease in the late spring and summer months is annually remarked.^ 

With both crops, however, the first symptom is checked growth. As to 
the periods when the damage is done, the writer believes that these occur for 
the most part in the cooler months of the year: (1) When vegetative vigor 
is at its lowest ebb; (2) when there is more moisture present in the soil, and 
soil conditions, particularly temperature, are perhaps otherwise more suitable 
to the parasite or less favorable to the cane; (3) another critical period is 
possibly the time when the energies of plants turn from vegetative to repro- 
ductive activity, since in the relation of other plants to certain diseases this is 
a critical time. 

From our present data we cannot say that the Fythium fungus is con- 
stantly associated with the diseases, pineapple “wilt’' and Lahaina disease. It 
is found, however, often enough and under such conditions as to make it seem 
probable that such is the case. 

When the fungus is found in suitable material, roots which are in an 
early stage of attack, it is sufficiently abundant to account for root failure, 
and there is ample evidence in the disposition of the mycelium, etc., that the 
organism is actively invading cell after cell and appropriating the cell con- 
tents for its own development. In pot cultures there remains no doubt as to 
the ability of the Pyihinm tyi)e fungus to occupy and destroy the roots of La- 
haina cane. 

Parasitism of the Pythium Type Fungus from Lahaina Cane. 

Positive Inoculations of Sugar Cane. 

The synij)toms of root disease which appear to be a constant feature with 
re.s])ect to the roots themselves, are a softened and watery appearance, or total 
collapse of the roots from tlic growing tip backward, red, ranker-like spots 
on the larger roots at almost any point, ultimately girdling and destroying the 
cortex of the root, and final softening and decomposition of the central root 
cylinder or conducting portion beneath the cankered area. The result is a 
scarcity of secondary or feeding roots, since, under favorable conditions, these 
are rotted at the end as soon as formed, and an abnormal branching of the 
larger or ])rimary roots. (PI. \*1.) The tips of these dying, branches form in 
a cluster back of the decaying end, each root in turn dying at the end, though 
occasionally one root of the branch group succeeds in escaping infection for 
some time. I'hese are the characters of root disease of cane one finds in the 
artificially induced disease in sterilized soils in pots, and also in plants dis- 
eased as a result of growing the Lahaina cane in sick soils unsterilized in pots. 
Similar eflPects are rather constantly found in field material. 

Our observations of diseased Lahaina cane and pineapples from the field 
where we have succeeded in finding suitable material in the early stages of 
root trouble, lead us to believe that these are the train of symptoms manifested 
by the roots in the course of these diseases as they exist in the field. In such 

1 Cf. Planters^ Record XII, p. 38a, and Figs. 6-7. 1915. 
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platp: VI. 

Under favorable conditions the fungus attacks tlic growing tip of the root» preventing 
further development; branch roots issue and meet the same fate. Primary roots thus checked 
cannot wander and forage, or develop with wi<le range to carry the feeders to adjacent fertile 
situations. 

Abnormal branching. Lahaina cane root. The main root and all branches but one are 
rotted or softened at the growing tip. 
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material, as well as occasionally in pot cultures, after the roots have practically 
all become affected by the disease, a few new roots may conic out and, curi" 
ously enough, show no signs of lesions for a considerable period. It is becom- 
ing increasingly evident that it is very important to determine the obscure fac- 
tors of environment which limit the disease. 

Altogether, in the writer’s soil inoculation experiments with pure cultures 
of the Pythium type fungus isolated from Lahaina cane roots, some fifty La- 
haina cane plants have been inoculated, and subsequent developments, compared 
with controls, have been watched. These cane ])lants have been grown in soil 
sterilized at from 25 to 40 pounds of live steam for one hour. After an incu- 
bation period of varying duration the entire root systems have been washed out 
carefully and comparisons made. (Pis. II to VH.) In no case has there been 
failure to induce root disease in some degree, and in most cases a very striking 
difference existed between total roots of inoculated plants and tliose of control 
plants identically treated exce])t for the inoculation. In only a few cases were 
there any root lesions at all on the controls; where there were lesions they were 
not serious, and not to he definitely determined as of the Pythium sort. Dark 
colored lesions occur in old pot cultures as a result of crowding when the roots 
come into forcible contact with the side of the pot or struggle to get through the 
opening in the bottom. Such lesions, while simulating the Pythium cankers, are 
not in general to he confused with them. 

In the root tips and lesions of inoculated ])lants the same evidences of 
fungus ()ccuj)ancy were found as in field material. The cells were permeated 
and occupied hv fungus mycelium and hau.sloria-like processes, often in swollen 
globular form, finely granular and difficult to see at first. Resting spores of the 
Pythium type were jiresent likewi.se. The latter are often crowded in large 
numbers in the root lijis when collapse commences. ( PI. II.) They are less in 
evidence in old collap.sed roots and it is a question what becomes of them. 

To finally ])rove the theory, it is desirable to inoculate Lahaina cane grow- 
ing in virgin soil or .soil uninhabited by the Pythium fungus, thus demonstrating 
that in the field plants in inoculated soil get the Lahaina disease, while those 
in uninoculated .soils adjacent do not suffer. The evidence of former experi- 
ments by other workers with l.ahaina cane in virgin soil is such that experiments 
of this sort do not seem to promise conclusive results. It appears that where 
the disease cati occur the conditions are already present, including the fungus, 
so that if susceptible ])lants are put in the disease will appear when meteoro- 
logical and soil conditions are favorable. 

W'e do not know whether the fungus is already widely distributed, or uni- 
versally jiresent, in our soils, and that the outbreaks of disease accompany favor- 
able soil conditions, or whether, under the same “soil conditions,” the disease 
occurs only as the fungus spreads from field to field. 

We must establish the following point: 

Does the typical disease occur in the absence of the Pythium type fungus? 

It is our impression that when we see the disease, especially in the pine- 
apple, gradually spreading over a field not hitherto observed to have the “wilt,” 
we are merely observing the after eff'ects, the root disease having gone over 
the same area, possibly months earlier, the fungus preventing the development 



PLATE A'lL 

Showing that natural sick plants and inoculated sick plants arc approxiinatoly tho 
same size in contrast with healthy control. Later the natural sick j»hints become larger than 
the artificially sick plants, probably due to the fact that steamed soils offer a more favorable 
situation for soil 2>arasite8, a fact often noted in the literatim*. 

Lahaina cane. Age 57 days. 

Fig. 1. — Sick Waipio soil. 

Fig. 2. — Sick Waipio soil sterilized and inoculated one month ])reviously. 

Fig. 4. — ITninoculated control, sterilized soil. 
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of an adequate root system until the advent of other conditions more favorable 
to the p ant. The after effects proceed progressively, following the same general 
lines as the root disease. It would seem that the fungus is the ultimate limiting 
factor, rather than the meteorological and soil conditions, since we do have this 
evidence of spreading. In such cases as are recorded where Lahaina cane and 
pineapples failed in virgin soil, the parasite has probably been introduced by 
irrigation water, implements, etc. This is in accordance with the writer^s orig- 
inal theory that the fungus determines the disease ultimately, but that it is only 
active under certain conditions, the two factors being in their interaction re- 
sponsible for the capricious nature of the diseases. There are two climatological 
factors which may be the ones responsible for the activity of the fungus. These 
are rain accompanied by unusually low temperatures ; in Hawaii with our equable 
climate, a few degrees is a usual drop in temperature in the winter months. 

With respect to natural factors which bear a relation to infection, severity 
of disease and seemingly inexplicable recovery, recent investigations by Jones,^ 
and Johnson and Hartman- on the relations of soil temperatures to plant dis- 
eases are significant. Jones cites many instances from various workers and with 
several diseases which add weight to this phase of the relation between environ- 
ment and parasitism. He makes the following statement (1. c. p. 230) : 

“Thus, for at least two groups of seedling or root-invading para- 
sites, certain smuts and Fusariums, slight variations in soil temperature 
at critical periods seem to be the deciding factors in possible parasitism.^’ 

Johnson and Hartman made a study of the influence of soil environment 
on the root rot of tobacco. Although this is a different disease, a few state- 
ments from their conclusions seem to be of the utmost significance to our prob- 
lem and are quoted 

“The root rot of tobacco, caused by TJiielaria basicola, is marked 
by the stunting of plants in various degrees, due to a reduced root sys- 
tem. The extent of the damage is determined in a large manner by the 
environmental conditions surrounding the roots of the host. 

“The factors especially studied were the amount of infestation in 
the soil, the soil moisture, soil temperature, soil reaction, physical struc- 
ture and fertility. . . . Under normal conditions the end result in in- 
jury by root rot is the sum total of the favorable and unfavorable action 
of these factors on the disease. 

''The temperature of the soil is undoubtedly the most important 
faetor in determining the extent of the root rot of tobaeco, other fac- 
tors being equal. The mo.^t favorable temperature for the disease ranges 
from 17^ to 23" C. (62.6^ to 73.40° F.). Beloio 15^" (59° F.) the dis- 
ease is less marked, and above 26° (78.8° F.) the ser^crity is gradually 
reduced until at about 29° or 30° (84.2° to 86° F.) it has little or no 
influence. At 32° C. (89.6° F.) practically no infection occurs even in 
the most heavily infested soils. Soil temperature records in the field for 
four seasons indicate that the occurrence of the disease under practical 
conditions is determined primarily by soil temperature. 

1 Jones, L. K.. — Soil tenijioratures as a factor in Ph^'topathology. In Plant World, 

V. 20, pp. 229-237. 1917. 

2 Johnson, James, and Hartman, R. E . — In Journal of Agricultural Research, Vol. 

XVII, pp. 41-86. 1919. 

3 Fahrenheit temperatures and italics, the writer ^s. 
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PLATE vrir. 

Kpsponse to cop])Pr sulfate. (Compare with Plates lA mm<1 X ) 

The plant in pot 3 gained over the plant in pot 2, when watere<l for ime imuitli with 
1-50,000 eojjper sulfate solution/ 

Co]>per sulphate 1-100,000 apparently had no etfect in the same time, ef. Plate X. 

Pot a received 12 applications of 750 ee.. each of 1-50,000 coj)j>er sulfati* during the 
month, i.e. approximating .18 grams of c.p. copper sulfate was applied to the soil (»f tlie 12- 
inch pot. Other pots, same amount of water. 

Fig. 5 8howe.l 1,0 incream. in size* ovpr Fig. 4 of Flatc TX, l>otli being niiinoenlatea 
control.,; Fig. 4 receiving no coj.per sulfate, an, I Fig. .T reeeiving the same amount 
as Fig. .t. It m obvious that a rontrollinn effort on the fungus is intlieated here, and not 
merely a stimulating effect on the plant. 

Cf. Planters’ Reeord, Juno, 19:>0, for res|>onse of Jjahaina e.ane to “Qua-Sul. ” 

Lahaina cane, age 84 days. 

(Fig. 2 anJ 4 same as in I’late VIT, one month later.) 

Fig. 2.— Sterilized sink soil inoculated. 

sulfatf^^ 3.— Sterilized siek soil inoeiilated; watered jiast 27 da.vs only with 1-50,0(1(1 copjier 
past 2^’ days”^**^"^’^* ' ‘’ontrol. Watered with 1-50,000 .-opper .milfato 
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“Field observations and limited laboratory experiments seem to 
show that infested soils when compacted are more favorable for the 
disease than loose, open soil.” 

Considering these observations on the determining effect of temperature 
on plant diseases, there is support for the theory of a parasitic origin of La- 
haina disease in the following quotation from Agee.^ 

“There is perhaps no influence that contributes in a greater degree 
to the failure of Lahaina cane than the cool weather of our winter 
months. Time after time it has been noted that Lahaina planted in 
June or thereabouts will come to a good stand and grow vigorously 
until about ( )ctober. At this point in many cases growth appears to 
cease entirely. 'Fhe plants struggle along, putting out a few new roots 
to replace those which are rotting away. Finally the top may rot off 
if conditions reach their worst, or the second summer may, particularly 
if there are rains, bring about a renewed growth. Oftentimes, how- 
ever, the cane does not succumb at the first cool days. Its growth is 
checked very gradually. Then there appears a series of abnormally 
short joints and later it may either resume average growth or continue 
stunted.” 

Posith'c hioculaiiovs of the Pineapple. 

Such inoculations {)f pinea])ple jdanls as have been made with the Pythiiim 
type fungus isolated from Lahaina cane resulted in stunting of the plants com- 
pared with uninoculated controls. (PI. XIII.) The ])ineapples were grown 
in sterilized soil in twelve-inch pots. ( )ther wilt .symptoms, such as yellowing, 
narrowing and twisting of the leaves and lack of normal turgor, while not strik- 
ingly present, nevertheless were detected. Roots of inoculated plants showed 
characteristic inhabitation of the cells by the fungus such as has been seen in 
lield material and such as is characteristic of the cane material, both naturally 
and artificially di.seased. 

Recently a successful isolation of a Pythiiini type fungus was made from a 
pincapjde “wilt” jdant from Kailua, (jahu. This plant was placed in water, and 
after a few days new roots came out among the old roots. These new roots 
finally collapsed and numerous si)ores, mycelium, etc., were detected with the 
microscope. A Pythium type fungus was then i.^olated. Should this prove to 
be a parasitic strain for the ])ine, a distinct step as far as “wilt” is concerned 
will have been made. Inoculation tests with this fungus are under way. 

Rcisolation of Pythium Fungus. 

In a large number of cases, and in fact in practically all the attempts made, 
the writer has been successful in reisolating the used fungus. In the only at- 
tempt made such a reisolated strain of the fungus from artificially induced root 
rot again produced the disease upon inoculation of cane in sterilized soil. This 
type of work, soil inoculation and reisolation of the fungus from root lesions, 
was continued until it seemed conclusive to the writer, but some further work 
along such lines will be done. 


iPJanters’ Ret'ord, Vol. Xll, p. 1915. 



PLATE TX. 

Eesponpc of plants to 1-50,000 copper sulfate, and lack of resj)on8e to 1-100,000 C()pi)er 
eiilfate. Of. Plates VI FI and IX, and caption Plate VIII. 

Steam sterilized sick Waipio soils. Inoculated, and watered with cop]>er sulfate. 

Fig. 3, — Inoculated with Pythium. Watere<i past month with 1-50,000 copper sulfate 
solution. 

Fig. 12.— Same as Fig. 3, but watered with 1-100,000 copper sulfate solution. 

Fig. 13. — Uninoculatcd control, watered with 1-100,000 copper sulfate solution. 
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Certain additional observations indicate that the root rot of Lahaina cane 
and pineapples is of parasitic origin. Lahaina cane in sick soil sterilized by 
means of either steam or formalin developed a healthy root system in contrast 
to cane in unsterilized sick soils. (PI. I.) The disease appears to spread in 
the fields with considerable rapidity, both in pineapples and cane. Likewise the 
diseases are periodic and somewhat seasonal in their occurrence. In cane some 
varieties, such as H 109, D 1135 and Yellow Caledonia, are markedly resistant 
under field conditions, though they do in restricted areas in the fields show the 
characteristic symptoms of the disease, together with root failure and root lesions 
with associated mycelium and resting spores of the Pythium type. 

Negative Inoculations until Other fungi. 

As additional or contributory experimental evidence bearing out the Pythium 
theory the negative results of inoculations with pure cultures of other fungi may 
be cited. 

Inoculations of Lahaina cane have been made with pure cultures of the 
following : 

1. Pythium deharyanum from damping off of sugar beets. Courtesy of 
U. S. Dept, of Agriculture. 

2. Rheosporanginm aphanodennatus type. Isolated from roots of Lahaina 
cane. At fir.st considered identical with the writer’s Pythium strains. Culture 
studies resulted in the development of presporangia and zoospores. 

3. Fiisarium. Of this genus, from a large number of cultures, two species 
which belong to parasitic types were selected for tests. One, No. 295 A., re- 
sembles Fusarinm herbarmn (Corda) Fries, related to or synonymous with F. 
pirinum and F. pntrefaciens. The other. No. 314 F., is an Elegans type, sug- 
gesting Fa.y«r/i<;/i oxysporuui (Schlecht.) Smith. 

4. Mcliola or Capnodium. The Capnodium, or sooty mold fungus, which 
is a conspicuous superficial occupant of cancs; when dry it gives a smoky color 
to the cane. 

5. Rhizoctonia sp. A species of Rhizoctonia, No. 23 A., was isolated 
from the roots of affected cane: its counterpart, with regularly constricted my- 
celium, is often seen occupying the surface cells of roots of diseased cane plants. 

The above fungi, Pythium from sugar beet, and Rheosporangium, Capno- 
dium, Fusarinm, and Rhizoctonia sp. from cane, all failed to produce symptoms 
of root disease, and no lesions could be found which indicate that they are para- 
sitic in any significant degree. (Pis. XI, XII.) In parallel comparative soil 
inoculations with the parasitic Pythium from cane, positive results were strik- 
ingly obtained. (Pis. Ill, MI.) All tests were made by inoculation of the steam 
sterilized soil. 


The Pythium Type Fungus, 

The life history of the Pythium found parasitic on Lahaina cane in pots 
is not yet worked out. There are points in its morphology necessary to deter- 
mine before the fungus can be satisfactorily classified. Therefore, it is best 
called the Pythium type fungus for the present. If it forms j-oospores, free 
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PLATE X. 

(Compare Plate VIII.) 

Lahaina cane; age 84 days. 

(Fig. 2, same as Plate VIT and Plate VIH. Fig 3, same as in Plate VIII.) 

Fig. 2. — Hterilized sick soil inoculated with Pytiiium. 

Fig. 3. — Sterilized sick sriiJ inoculated with Pifthhim. Watered past 27 days only with 
1-50,000 copper sulfate. 

Fig. 4. — Sterilized soil, uninoculated, untreated. 
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swimming asexual spores, their mode of formation and liberation will indicate 
to what genus the fungus belongs. No zoospores have been found in pure cul- 
tures, though such spores have been seen in diseased material; whether they 
belonged to this Pythiufu type fungus or to some related saprophytic fungus 
could not be determined. A description of the fungus will not be attempted until 
further morphological studies have been made. The illustrations in the writer’s 
preliminary report show some significant features of the fungus with which we 
are concerned. 


The Genus Pythiiim. 

The genus Pythium is a small group of primitive fungi, sometimes included 
with the Saprolegniaceae and sometimes with the Peronosporaceae. The genus 
is best known by the representative plant pest Pythium debaryanum, a common 
seedling parasite, cause of ‘‘damping off.” The group includes both aquatic and 
terre.strial forms. The absence of chlorophyll is the main distinguishing point 
between these primitive fungi and some of the algae. 

The usual point of attack in the “damping off” disease of seedlings is at 
or near the surface of the ground. The effects are evident a few days after 
the seedlings come up, the tender tissues, being occupied by the mycelium of the 
fungus, lose their turgidity and the plant topples over. While P. debaryanum 
is most common as a greenhouse pe.st, “damping oft” also occurs in the field. 
Among other plants attacked by P. debaryanum are corn and other members 
of the grass family. P. Butleri^ is recently described in India as a parasite on 
pa])aya (foot rot), tobacco , damping oft) and ginger (rhizome and foot rot). 
'I'he Pxfhiae appear to ocA-upy the soil as frequently as they do water, and are 
in exceptional cases found causing diseases of the aerial }X)rtion of plants (P. 
palmivorum Butler, said to cause top rot of palms). 

Besides the delicate mycelium, the Pythiae form asexual swimming spores 
and sexual resting spores. Sporangia empty their contents as free swimming 
zoospores, or germinate directly, in which case they are called conidia. Some 
of the terrestrial .species appear to have lost the power of zoospore formation. 
They are not readily detected in P. debaryanum, in pure culture, and thus far 
the writer has failed to detect them in pure cultures of the cane fungus. Until 
the method of zoospore formation is determined, if such are formed at all, this 
fungus cannot be satisfactorily placed in its proper genus. The sexual spores, 
or oospores, are thick-walled spherical spores, adapted to carry the fungus through 
adverse conditions. Such oospores formed in pure cultures of the fungus from 
cane, agree closely in size with the similar .spores in the roots of diseased cane 
and pineapple, and correspond to published measurements of species of Pythium. 

PART III — THK imiBLEM OF CONTROL. 

If Lahaina root failure and pineapple “wilt" are caused by a fungus of the 
Pythium type, we should ultimately be able to find a practicable means of con- 
trolling the.se di.sea.ses. First it is desirable that growers cooperate in furnishing 
us as complete records as possible on the occurrence of the disease, seasonal his- 


J Subramaniain, L. S . — In Memoir.s Dept. Agrie. ludia, Vol. X, pp. 1S*)-194. 1919. 



170 



PLATK XI. 

Negative inoculations with EhfOfijxrranffiiim aphanodermutuH typo fungns from cnne. 
Steam sterilized soil. 

a, ajdianodermatm occurs on sugar lK?ct8. This type of fungus is readily mistaken for 
Tyihium, sp. unless zoospores are detected. The fungus here us(*d was isolated from Lahaina 
canc roots at Waipio, and was mistaken at first for the Vyih\u)yi type fungus. No evidence 
of parasitism was found. 

Fig. 15, 6 • inoculated with J?. aphanodennaim type fungus. 

Fig. 7. — Uninoculated control. 



riATE XIT. 

Nejtjativo iiiocuJations with sii^ar hwt Piflhium. 

Stoain st<Tiliz(Hi soil. ^ months. 

Fipf. t)-18. — Tnoculated with Pifthium from sugar beet. 
Fig. 14. — Uninociilated control. 
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tory, weather conditions, etc. Against these records the writer’s present impres- 
sions, which are given below, can be checked so that control experiments may 
take due account of the relation of weather conditions to the inception and dura- 
tion of disease. 

It seems to be agreed that the symptoms of pineapple “wilt” are most alarm- 
ingly prevalent in the spring months. Similarly the I^haina root disease, or crop 
failure, is most strikingly prevalent in the autumn and winter months. It ap- 
pears possible to the writer that both diseases begin simultaneously, but in the 
cane the effect of a crippled root system is sooner apparent in checked and ab- 
normal growth, while in the pineapple several months during the wetter part 
of the year are required to show alarming above-ground symptoms. Both crops 
in our experience recover in some degree by June and subsequently. In cane 
the joints lengthen out, and in the pineapple, plants not too far gone freshen up, 
and the spreading of the disease is checked. 

If this impression as to the seasonal character of the diseases is correct, 
chemical and other control treatments should be concentrated in the period from 
September or October through the cool weather, rather than applied hit or miss 
at the time experiments are put in, when likely as not the chemicals are all 
used up or are relatively inactive elements when most needed. 

The writer’s note on a possible control of the root rot of the two crops by 
chemical means, in the June Record, 1920, indicates that it may be practicable 
under field conditions to apply to the soil in the irrigation water sufficient of a 
specific chemical to check the parasite without being toxic to the host plant. 
(Pis. Vm, IX, X.) The range between the two effects will probably be small, 
but experiments along this line are being continued. 

With cane, the resistant variety H 109 is gradually supplanting l^ahaina, 
but since this variety, as well as others, takes the root disease in some degree 
it is desirable that we solve the root rot problem. It is likewise desirable since 
varieties which are standard for a period of years are said to degenerate. If 
degeneration is the same in other varieties as in Lahaina, a natural or acquired 
susceptibility to root rot, it will be very advantageous to know the exact condi- 
tions which a variety finally becomes unable to endure. 

Should applications of chemicals to the soil be proved desirable in com- 
bating the root disease of pineapples, they can be sprinkled on the soil in ad- 
vance of the cool, rainy season in solution, and theoretically at the time needed 
will be carried down about the roots by the rain. Whether rain favors the dis- 
ease or the reverse is not known, and with this, as with numerous other features 
of the obscure problem, we have contradictory evidence. 

As stated elsewhere, the criterion of a successful treatment is gain in yield 
of treated affected areas over untreated affected areas. Improvement as a re- 
sult of treatment, where adequately checked by control plots, is encouraging, 
but with a problem of this sort, in order that such improvement may not be 
confused with seasonal improvement and erratic occurrence of the disease, con- 
siderable time must elapse before any treatment can be said to be successful. 
The treatment must be more than a stimulant which encourages root develop- 
ment for a short time; it must in some degree prevent the plant losing its roots 
in the first place. Secondary roots die off anyway after a time, but the writer 
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PLATK XI I r. 

Pineapple plants and the Pfflhium from cane. 

Steam sterilized soil. Plants 11 months old. 

At left, soil inoculated 1 month after planting with Pythium type fungus from cane. 
-At right, uninociilated control. 
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is persuaded by the evidence that both crops under discussion lose both primary 
and secondary roots altogether too rapidly at times for this to be a normal oc- 
currence. The effect of the disease is so profound to a fundamental part of the 
plant that a successful treatment in my judgment must be preventive rather 
than curative. 

PRESENT STATUS OF THE PROBLEM IN BRIEF. 

1. Lahaina disease and pineapple wilt are essentially of the same origin 
and are the result of damping off of the roots. 

2. The resistant varieties, Yellow Caledonia, Demerara 1135 and Ha- 
waii 109, take the disease in some degree. Apparently the resistance is relative, 
not absolute. 

3. The ‘‘damping off” or rotting of the roots is cau.sed by a specific fungus 
of the Pythium type. 

4. The fungus is active only periodically and under certain environmental 
conditions. 

5. From our observations, and the literature of other diseases, by analogy, 
the controlling factor in the activity of the fungus is soil temperature. The 
period of active damage to the root systems appears to be limited in general to 
the cooler months, i.e., October to April. Soil reaction is also a factor of some 
importance. 

6. Chemical applications to the soil and other measures for control should 
be applied for action in the corresponding period. 

7. The treatment must be largely preventive, owing to the profound re- 
sults of loss of the root system. So far as the individual root is concerned the 
treatment must entirely prevent softening of the growing tip, since with a dead 
tip growth cannot be resumed. 

8. Pot experiments indicate that we shall be able to control these disea.ses 
by chemical applications to the soils. 

9. The promising chemicals thus far tried are “Qua-Sul”^ lime-sulphur 
and copper sulphate 1/50,000, in the order named. 

10. Resting spores of the Pythium type have been found in the roots of 
cane on the Islands of Oahu, Kauai, Maui and Hawaii. 

11. Resting spores of the same general type have been found associated 
with their appropriate mycelium in the roots of Chinese banana, taro, and rice. 
In the banana the spores suggest a Phytophthora rather than a Pythium. 

1 A soluble sulpbur-carboii-soda patented pre[>aration. (Cf. PI. Rce., Juue, 1920, p. 

350 .) 
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Horizontal Tubular Boiler Settings and Details of 

Installation.* 

By H. E. Dart.^ 

Our Engineering Department is now engaged in making new drawings of 
setting plans for horizontal tubular boilers. In past years there has been a big 
demand for such setting plans and some of the tracings for the more common 
sizes of boilers are literally worn out. In making the new drawings, advantage 
is taken of the opportunity to show certain features in greater detail than was 
formerly the case and the scope of the plans has also been extended so as to 
include typical methods of piping and the proper manner for installing the usual 
fittings and attachments. Figures are also given to show the quantities of bricks 
required for setting the boilers in accordance with the plans. For each of the 
common sizes of boilers, it is the intention to make four drawings, two with 
overhanging fronts and two with flush fronts, one of each style showing boilers 
suspended independently of the setting walls and the other showing boilers 
supported by means of brackets resting on the walls. The complete set of plans 
is not yet finished, but drawings are ready for many of the ordinary sizes of 
boilers and blueprints can be furnished from such drawings as are finished. 
Requests for such blueprints should be made preferably through the chief in- 
spector of the department in which the boilers are located (see list of depart- 
ments on back of The Locomotive) rather than directly to the Engineering De- 
partment, because our chief inspectors are familiar with the conditions which 
exist and are generally able to submit the data which we need to determine 
which drawing is best adapted to each particular case. 

The most important features in connection with the new setting plans are 
described below. Wdiile many of the features mentioned will apply equally 
well to the design of settings for any other type of boiler, it should be remem- 
bered that this description is concerned primarily with hand-fired horizontal 
tubular boilers using coal for fuel, and is written from that viewpoint. 

Wall Construction. 

On our old setting plans the outside walls are shown as indicated by Type 
I, Figure A, but on the new plans we are showing all of the four types of con- 
struction described in Figure A, leaving it to the boiler owner to make his choice 
between these designs. Complete dimensions are given on the drawings for 
each type of construction. 

The design shown by Type I involves the construction of two separate brick 
walls, bonded solidly together for a distance of about sixteen inches at the top 
and at the bottom, but separated by an air space two inches wide for the re- 
mainder of the height. It is thought by many people that this air space acts as 
a heat insulator, but such is not the case; experiments by the Bureau of Mines 

^ The Locomotive. The Hartford Steam Boiler and Insurance Co, April, 1920. 

1 Superintendent of Engineering Department; The Hartford Steam Boi er Inspection 
and Insurance Co. 
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have shown that a wall of this type will transmit just as much heat under given 
conditions as a solid wall of the same total thickness. As regards air leakage 
into the furnace, however, the double wall with air space has a distinct ad- 
vantage over the solid wall shown by Type II because the cracks will occur 
principally in the inner wall, leaving the outer wall intact. With a solid wall, 
the cracks will extend clear through the brickwork, thus greatly increasing the 
probability of air leaks and thereby decreasing the efficiency on account of ex- 
cess air. Not long ago we had occasion to make an examination of a sf)lid- 
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wall setting which had been built in the same boiler room with two older settings 
of the air space type. Although the new setting had been in use only a few 
months the test with a candle flame showed more leaks than were found in the 
other settings which had been used several years. Of course such a test is not 
entirely conclusive, since there are other features which should be considered, 
but we believe it gives a fair indication as to what may be expected in the aver- 
age case. In constructing setting walls with an air space it is advi.sable to insert 
a few ventpipes as indicated in the cut, these jnpes being especially desirable if 
the bricks contain much moisture when they are laid. After the setting has 
thoroughly dried out, all ventpipes should be permanently sealed so as to pre- 
vent air leakage into the setting and heat radiation from the inner wall. 

Type III in Figure A makes use of insulating bricks to reduce the amount 
of heat that is transmitted through the wall and thereby lost. These insulating 
bricks are made of different materials by different manufacturers and they are 
cut to the proper size to lay up evenly with ordinary bricks and fire bricks. They 
have little mechanical strength in themselves, so that it is best to use metal ties,, 
as shown in the cut, for bonding the inner firebrick section to the common brick 
on the outside. It is also advisable to use a uniform thickness of nine inches 










Kig. H.- -Division Walls Between Boilers Set in Battery 


For tlie division walls between boilers set in battery the style of construc- 
tion shown in Figure B is satisfactory, rcgarilless of what type of construction 
is used for the outside walls. The vertical slot shown in the center of the wall 
does not indicate an air space like that in Type I. but is intended to show that 
the two walls should be built separately and not bonded together in the center. 
This is advisable to make allowance for expansion when there is a fire on only 
one side of the wall. 

The sections in Figure A apply to the side walls at the rear of the bridge 
wall. For the furnace section in front of the bridge wall, we ad^B.se that the 
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walls be battered from the grate level to the closing-in line near the middle 
of the boiler shell. Our drawings show a batter of six inches in this height, thus 
making the walls that much thicker at the bottom. A reference to Figure B 
will make this point clear. The section at the left shows the battered wall while 
that at the right shows the straight form which can be used back of the bridge 
wall. This figure shows sections for the division wall between boilers, but the 
same idea should be applied to the outside walls. 

In constructing side walls and division walls it is a good idea to build an 
arch in the firebrick lining at a height of about three feet above the grates, as 
illustrated in Figure C. When it is necessary to replace firebrick this arcli sup- 
ports the brickwork above and prevents it from falling down. 

For construction like that shown in Types I, II, and IV, where the fire- 
brick lining is only 4//^ inches thick, headers should he used for every fifth 
course or even more frequently. In all firebrick work the joints ])etween the 
bricks should be made just as thin as j>ossible. For this reason a trowel should 
not be used, but the bricks should be dipped in thin fire-clay and then rubbed 
down into place so as to make “brick-to-brick” joints. 

Allowance for Expansion and Prevention of Air T.eaks. 

Ample provisions should be made throughout to allow the boiler and tlie 
setting to expand without cracking the brickwork or opening up places where 
air can leak into the setting. If the brickwork is built tight up to the boiler 
shell at the closing-in line, cracks are sure to develop when the boiler is heated 
up and there wdll also be an opportunity for air to leak in between the boiler 
and the brickwork. It is best, therefore, to leave the brickwork about an inch 
away from the boiler and fill this space with asbestos rope or some similar ma- 
terial, as illustrated in the different sections of Figure A. In a similar way, the 
brickwork and the ironwork of the boiler front should be kept about ^^4 inch 
away from the boiler shell (and concentric therewith) and this s])ace should be 
filled in with asbestos rope. To jirevent cracking due to endwi'^e expansion of 
the bridge wall, it should be built separately from the side walls, leaving a space 
of about one inch at each end. This space should be filled with asbestos rope 
to prevent the accumulation x)f ashes which would become solid and nullify the 
advantage to be gained by building the bridge wall independently of the side walls. 

At the rear end of the boiler, a space of about Ij/z inches should be left 
between the boiler head and the brickwork ; this sjiace can best he sealed against 
air leakage by extending the insulating covering down over it as shown in Figure 
C. There is a tendency for the covering to crack open at this point as the boiler 
expands and contracts, but this difficulty can be largely overcome by the use of 
a piece of sheet iron, formed to fit over the rear end of the boiler shell and bent 
down over the head to extend out on top of the brickwork. With the piece of 
sheet iron in place under the covering the probability of cracking is lessened 
and, if a crack does develop, the sheet iron will tend to prevent air from leaking 
into the setting. We advise the use of insulating covering for the boiler top 
instead of the brick arches which are sometimes used. The covering is a better 
heat insulator and it can be removed and replaced more readily in case repairs 
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LongitiKliiial Set'tioii Through Center of Setting. 
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or inspections of the boiler shell are required. The covering can best be applied 
in the form of blocks which can be held in position with mesh wire and then 
finished with plastic magnesia or other insulating cement to make a smooth 
finish and fill the joints between the blocks. A harder surface can be secured 
by using a little Portland cement in the final coat. The total thickness of the 
insulation should be at least two inches. 

The loss due to excess air is generally greater than that from any other cause 
in hand-fired boilers of the type under consideration, and it is also the most dif- 
ficult to prevent because it is such an intangible sort of thing that the firemen 
cannot be made to realize its importanre. Much of this excess air leaks in 
through the setting walls and efforts to prevent such leakage by the methods 
outlined above will be well repaid. It is not sufficient merely to construct the 
setting as described, however; inspections and tests should be made at frequent 
intervals to be sure that the asbestos remains in place and that the joints are 
properly sealed at all points. We have made a number of investigations of this 
kind and we almost invariably discover air-leaks at some of the places mentioned 
above as well as around blow-off jfipes, firing doors, clean-out doors, etc. 

There are several different paints and coatings on the market which can 
be used to good advantage in the prevention of air leaks. Such compounds 
are usually composed of asphalt, asbestos and other materials, combined to pro- 
duce a tliick, elastic coating which will stretch without cracking as the setting 
expands when it is heated uj). The coating is usually applied to the entire sur- 
face of the setting, care being taken to work it into all cracks, joints and ()j)en- 
ings around door-frames, boiler fronts, or other similar places. A very satis- 
factory home-made substitute can be prepared to take the place of the commer- 
cial compounds. 


Protection of Blow-off IhPEs. 

The proper protection of the blow-off’ pipe is an imj)ortant feature in con- 
nection with any setting for a horizontal tubular boiler. There are many ways 
of j)roviding such protection and in making a choice l^etween different methods 
one important princijde to be kept in mind is that the ])ipe should be easily ac- 
cessible for inspection. Por'this reason a simple pipe sleeve around the blow- 
off pipe is not satisfactory because such a sleeve cannot be reino\ ed without dis- 
connecting the blow-off pipe. Sjdit sleeves of cast-iron are better, but it is usually 
rather difficult to remove them after the connecting bolts have been exposed to 
the heat and flames. Several patented styles of blow-off covering are available 
and these give good results as a rule. Jn general, such blow-off* coverings are 
made of some refractory material and applied in sections with an interlocking 
arrangement so that they are easily removable. 

Except under extraordinary conditions, the method of installation shown 
in Figure C provides ample protection for blow-off pij>es. The princi])al fea- 
tures of this method are a V-shaped pier of firebrick which jwevents the flames 
from impinging upon the vertical portion of the pipe, and the location of the 
elbow in a covered trench where it will be well protected. Blow-off pipes are 
more liable to fail at the elbow than at any other point and the location of the 
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elbow in this position is therefore highly desirable. The best arrangement is to 
build the bottom of the combustion chamber at a somewhat higher level than the 
boiler-room floor so that there will be space enough to install the blow-off valve 
or cock without cutting into the floor. It is advisable also to locate the cleaning 
door at one side of the center, where there will be no interference with the blow- 
off valve when the door is opened. Plenty of space to permit freedom of move- 
ment, due to expansion or settlement, should be left around the pipe where it 
passes through the setting wall. For this purpose a pipe sleeve about four 
inches long should be built into the brickwork at the outer end, but a larger 
opening can be left around the pij^e through the remainder of the wall thickness, 
without any sleeve. The sleeve .should have a diameter 2 inches greater than 
that of the blow-off pipe and it should be filled with asbestos to prevent air leak- 
age. A set-screwed collar on the pipe makes a good finish against the brick- 
work together with provision for a gasket of sheet asbestos or other suitable ma- 
terial to more thoroughly seal the opening against air leakage. The V-wall 
should be left a little below the i)oiler shell to allow for expansion and .settle- 
ment, and the .space should be filled with asbestos to keep the flames from im- 
I)inging ui)on the flange where the pipe is connected to the boiler. Blow-off 
valves should always be located so that there will be ample o])i)ortunity for a 
man to get away in case of a break in the blow-off piping while he is operating 
the valves. 


Ak( n jiARs. 

The rear arch-bars .shown on our setting plans and in Figure C are of the 
.so-callcfl “llarlfonr’ type, designed by this Company several years ago. Bars 
ot this type extend transver.sely of the setting, spanning its width and bearing 
upon the side walls. Kxcej)t for large boilers, only two of these arch-bars are 
needed for a single setting, but a ditferent pattern is required for each size of 
bcnier. In some sections of the country the “quadrant” type of arch-bar is more 
l)opular and it is just as accejUable; this style of arch-bar is made in the form 
of a ([uadrant or ninety-degree arc of a circle. The bars rest on the rear wall, 
arcliing over to the rear head, and some means must be i)rovided to support the 
upper ends, so as to permit the l)oiler to expand without developing air leaks. Sev- 
eral of the.se bars are needed for a single setting, the exact number depending 
uj)on the diameter of the boiler, but the same pattern can be used for all sizes 
of boilers wliere the distance from the rear head to the rear wall of the setting 
is the .same. Both types of arch-bar described above are so designed that the 
metal is ])rotected l>y the firebrick and not exposed to the action of the flames 
and hot gases ; this feature should be a requirement in the design of any arch-bar. 

Arch-bars .should be set .so as to leave a full, free opening through all the 
tubes, with j)roper provisions for inspecting and removing the fusible plug, but 
at the same time, care should be taken that no part of the head above the lowest 
permissible water level is exposed to the heat. We recently heard of a ca.se 
where a head was burned, due either to ])Oorly designed arch-bars or to placing 
the arch-bars so high as to expose the upper part of the head to extreme heat. 
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Grates. 

We believe that there is a general tendency to use larger grates than neces- 
sary with hand-fired boilers of the horizontal tubular type, and this belief is borne 
out by our experience in several cases where we have found that coal was being 
burned at a rate of ten to twelve pounds per square foot of grate area per hour, 
whereas better results would be obtained with a rate of fifteen to twenty pounds 
of coal per square foot per hour. In some cases we have advised blanking off 
the rear part of the grates by covering them with firebrick, and a gain in economy 
of coal consumption has been secured in such cases. Furthermore, it has been 
common practice to use the same size of grates for a given diameter of boiler, 
regardless of the tube length, though it is obvious that if a certain area is proper 
for a boiler eighteen feet long it would not be correct for a sixteen-foot boiler 
in which the heating surface would be about 11 per cent less. Assuming an evapo- 
ration of about 9 pounds of water per pound of coal, the ratio of heating surface 
to grate area should be about 40 to 1 in order to develop the full rated capacity 
of a boiler when burning coal at the rate of fifteen pounds per square foot of 
grate per hour. In designing our new setting pans we have used this ratio to 
determine the grate area, within the limits imposed by commercial standards as 
regards length of grates. Provision for overloads and allowance for a lower rate 
of evaporation can be taken care of by burning the coal at as high a rate as twenty 
pounds per square foot of grate per hour, this rate being attainable with proper 
draft and good firing methods. On the other hand, many horizontal tubular 
boilers in small plants are never operated at their full capacity, and in such cases 
the grate area could be even smaller. It is fully realized that a larger grate 
area may be desirable in certain special cases, but it is believed that the ratio of 
40 to 1 will give good results for the average case and, of course, this is all that 
a set of general plans can be expected to cover ; special cases should be consid- 
ered in the light of all the data available in each instance. 

With battered furnace walls, as described in the foregoing, the width of 
grates will be six inches less than the boiler diameter, while with straight walls, 
as frequently u.sed, the grates have a width equal to the diameter of the boiler. 
As explained above, the grate area is generally larger than it should be and the 
smaller dimension for width is therefore generally satisfactory. For the sake 
of simplicity and uniformity, stationary grates are shown on all of our setting 
plans, but we recommend the use of shaking grates under ordinary conditions. 

Height Ahove Grates. 

Remarkable savings in fuel consumption have been claimed in many cases 
as a result of setting horizontal tubular boilers at extreme heights al)Ove the 
grates, but, as a general rule, these claims do not seem to be fully substantiated, 
because all of the credit for any increased efficiency is laid to the greater height 
of furnace, whereas there are usually other factors which should also receive 
consideration. In a typical case of this kind, a new boiler is installed in a plant 
where there are one or more older boilers, and perhaps the new boiler is set at 
a height of 5 feet above the grates while the corresponding height of the old 
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boilers is only 28 inches. More or less careful tests are made and it is found 
that the new boiler is more economical in coal consumption than the old ones. It 
is then almost invariably assumed that the gain in economy is entirely due to 
setting the boiler at a greater height above the grates ; although the old settings 
may be twelve or fifteen years old and full of cracks and openings which 
permit the entrance of a large percentage of excess air, while the new setting 
is tight, this fact is completely disregarded. Furthermore, it seems to be gen- 
erally assumed that the height chosen in any such case is the proper height to 
give the best results, although there is usually no information available to prove 
that just as good results would not have been obtained with a height of 3^ 
feet, for instance, instead of 5 feet. In attributing a gain in economy to higher 
settings there are other factors also which may be ignored, such as a change in 
the fuel used, an improvement in the proportions or design of the new boiler as 
compared with the older ones, better firing methods, improved draft conditions 
and method of draft control, a better type of grates, etc. 

For any set of fixed conditions as regards size of boiler, character of fuel 
and other details, it is evident that there must be some limit in height of furnace 
beyond which there will be no gain in economy. It would probably not be pos- 
sible to fix such a limit very definitely, but much interesting information could 
be obtained from a series of carefully conducted tests carried out by some agency 
such as the Bureau of Mines, which would have the necessary apparatus and 
technical skill, together with the means for insuring that all other conditions 
remain constant while the height of the furnace is varied. 

The combustion volume, and therefore the height from grates to boiler 
shell, should be varied in accordance with the character of the fuel used, more 
volume being required for fuels containing a large proportion of volatile matter 
than for those which contain a relatively greater percentage of fixed carbon. 
Dn our setting plans we do not show any fixed dimension for the furnace height, 
but we recommend certain dimensions as determined from our experience and 
best judgment. For a 72-inch boiler with tubes 18 feet long, for instance, the 
heights which we advise would be as follows: 

For anthracite coal and semi-bituminous coals containing less than 18 per 
cent of volatile matter (Pocahontas, (ieorges Creek, etc.) — 36 inches. 

h"or l)ituminous coals containing from 18 per cent to 35 per cent of volatile 
matter (Pittsburgh) — 10 inches. 

For bituminous coals containing more than 35 per cent of volatile matter 
(Illinois, etc.) — W inches. 

F"or other sizes of boilers the figures are varied so as to maintain approxi- 
mately the same ratio of combustion volume to grate area. In this connection it 
might be mentioned that the ratio of combustion volume to grate area would be 
nearly 19 to 1 for a 72-incli boiler with 18-foot tubes, set as shown in Figure 
C and with a height of 44 inches from grates to boiler .shell. Although the setting 
is designed only for hand-fired horizontal tubular boilers, this ratio is consid- 
erably in excess of that ordinarly used for stoker-fired water tube boilers, which 
may be forced to 100 per cent or more above their nominal rating. It would 
therefore seem that these combustion volumes ought to be more than ample and 
that no gain in economy should be expected from an increase in ratio. 
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Method of Support. 

When boilers are suspended in battery it is best to place the supporting 
columns entirely outside of the setting walls, using only four columns with 
beams of sufficient strength to support the boilers in a single span. With stand- 
ard I-beams it is possible to support in this manner three boilers of any diame- 
ter not exceeding 78 inches or two boilers of larger diameter. If the in- 
stallation involves more boilers it is best to set them in separate batteries of 
two or three boilers each, rather than to use columns in the division walls be- 
tween boilers; if it is absolutely necessary to use such intermediate columns, an 
air space should be left all around each one with a suitable ventilating duct to 
admit air at the bottom. We know of several cases where columns have been 
burned off or otherwise damaged when built solidly into setting walls. 

Our setting plans show the j)roper sizes of I-beams to use for suspending 
boilers, together with alternate designs for both round and square cast-iron 
columns, structural steel H-beams and built-up columns made of plates and 
angles. In general it will be found that these designs are heavier than those 
usually employed by boiler manufacturers, but we think that these sizes are 
needed in order for the columns to have a strength equal to that of all other 
parts of the installation where it is customary to use a factor of safety of 5. 
Boiler columns are loaded entirely at one side and the stresses arc therefore 
greater than when the loading is symmetrical as assumed in the tables pub- 
lished in structural steel handbooks. Furthermore, proper consideration should 
always be given to the “ratio of slenderness,” a heavier section being needed 
for a long column than for a shorter one carrying the same load. I-beams are 
frequently used for columns, but they are not well adapted for the i)urposc as 
the distribution of metal in the I-beam section does not make a good column 
design. Our Engineering Department can furnish designs for reinforced con- 
crete columns if desired. 

Boilers having a diameter of 78 inches or less can be supported by brackets 
which rest upon bearing plates built into the setting walls, but the suspension 
method is better, particularly for the larger sizes. Four brackets ( two on each 
side) are sufficient for boiler diameters of 54 inches or less, but eight brackets 
should be used for boilers larger than this size; the brackets should he located 
in pairs with a single bearing plate for each pair. Brackets at the front end 
should rest directly upon the plates, but rollers should be u.sed under the brackets 
at the rear end to permit free expansion of the boiler. As a rule, not enough 
care is used in setting the bearing plates, with the result that a good bearing 
is not obtained over the entire surface of both brackets. In an extreme case the 
bearing may be only along one edge of one bracket. The boiler should be sup- 
ported by blocking or other suitable means while the setting is being built and 
its weight should not Ije allowed to come upon the walls until the mortar has 
thoroughly hardened so that there will be no settling. 

Installation of Boiler Piping, Valves, Fittini.s, etc. 

Figure C shows a typical longitudinal section through a suspended boiler 
with overhanging front. Several self-explanatory notes will be found on this 
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drawing relative to the proper installation of piping, valves and other details. 
In addition to the items mentioned the following details should receive atten- 
tion in any well planned installation. 

The steam gage should be graduated at least 50 per cent in excess of the 
maximum allowable working pressure and it should be piped up with a siphon, 
union cock, drip cock, and connection with stop valve for test gage, brass pipe 
and fittings being used throughout. 

A water glass and three gage cocks should be used. The lowest visible 
part of the water glass should be at least two inches above the center of the 
fusible plug and the gage cocks should be located within the range of the visible 
length of the glass. Brass pipe and fittings, 1*4 inch size, should be used for the 
water connection to the water column except for small boilers where the mini- 
mum size may be 1 inch. To facilitate cleaning, j)lugged crosses should be used 
in these water connections in lieu of tees or elbows. 

A blow-down ])ipe should be provided for the water column with a gate-valve 
or cock. This pipe should have a diameter of at least ^ inch and should be 
connected to the ash pit or .some other safe and convenient point of waste. It 
sliould be secured to the boiler front near the bottom by a pipe-clip or other 
suitable means, 

.All valves and fittings should be of extra heavy pattern if the pressure ex- 
ceeds 123 j)oim(ls per square inch. In Massachusetts a State law fixes this limit 
at 100 pounds. 

A sampling pij)e for flue gas analysis and three *4 inch pipes for draft 
gage connections should be j)laced in position when the setting is being built, 
even though it is not ex[)ected to u.se them. The expense is insignificant and they 
may prove useful. 

The foregoing descrij)tion is intended to cover the more important features 
connected with the construction of brick .settings for horizontal tubular boilers 
and the installation of such boilers in accordance with good practice, but with- 
out any unnecessary frills. .\s stated before, many of our new setting plans are 
now completed aiul available for distribution to our friends upon request. Any 
inquiries regarding sj)ecial features in connection with this genera! subject will 
receive the best attention of our b'ngineering Department at any time. 
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Improving the Saccharimeter.* 

Foreign and American Instruments Discussed — Some Criticisms and 

Recommendations. 


By C. A. Browne.' 

A leading expert in the manufacture of chemical apparatus in this country 
recently made the statement that the high-water mark period for laboratory 
instruments, when the purchaser could get the highest standard of excellence 
for the least money, was reached in the years immediately preceding the late 
war. The user of apparatus, in his present state of desperation, when the lower 
possibilities of achievement compel him to accept either inferior instruments 
or none, looks back upon this pre-war period as a sort of golden age. No one 
has probably felt the effects of this decline in excellence more acutely than the 
sugar chemist. During the recent saccharimeter famine it was amazing to note 
the number of antiquated polariscopes that suddenly emerged from their dusty 
hiding places. Old instruments of the Duboscq, Scheibler and Mitscherlich 
types were lacquered up and sold at a handsome figure. An accuracy within 
three-tenths was cheerfully accepted where an error of one-tenth would pre- 
viously have meant indignant rejection. Several purchasers of these old instru- 
ments brought their finds to the writer's laboratory for examination and some 
very interesting, as well as amusing, facts were brought to light as a result 
of this inspection. We must pass over all this, however, and confine our dis- 
cussion to the observations made upon five different types of saccharimeters 
with which manufacturers in America, England, France, Germany and Bohemia 
are attempting to relieve the present shortage. 

The first pinch of the war in the experience of American sugar chemists was 
the difficulty in replacing some of the most ordinary polariscope accessories, 
such as tubes and tube cover glasses. The case of the cover glass, the simplest 
piece of apparatus which sugar chemists employ, is instructive, as it offers an ex- 
cellent illustration of the difficulties which suddenly confronted us. The first 
substitutes offered by dealers in place of the regulation covers were discs of 
ordinary window glass, which sold for the magnificent sum of 25 cents apiece. 
They contained numerous flaws, their surfaces were not plane parallel, and 
their deep green color impaired the intensity of the light in the field. But for 
a time, fortunately a brief one, these were the only covers available and chem- 
ists had to use them or do without. With the manufacture of optical glass in 
this country, instrument makers were able to take a long step in advance. Cover 
glasses were so improved that, as regards optical properties and plane parallelism, 
they were practically perfect, but as regards durability, they were still inferior 

♦ Sugar, June, 1920. 

1 “President Society of American Sugar Chemists and Technologists, known as the 
Sugar Section of the American Chemical Society. From an address delivered before the 
fifty-ninth meeting of that organization in St. Louis, April 15, 1920. 
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to thfc old pre-war standard. They split and cleaved easily around the edge; 
they cost twice as much as the old covers and their life was only about one- 
quarter as long. After some experimenting it was found that, by more careful 
annealing and by bevelling the sharp edges of the glass slightly, these defects 
of fracture could be removed, so that we have finally domestic cover glasses 
equal to those which were imported before the war. 

This illustration of the cover glass is typical and it applies to every single 
feature of the saccharimeter. The perfection of any instrument is a process 
of slow growth and evolution and manufacturers who enter a new field must 
acquire and accumulate experience. 

Coming now to the saccharimeter itself, let us consider first the question of 
general construction, of which there are two distinct types: the oi)en construc- 
tion, or French type, and the closed construction, or German type of instrument. 
Each of these types has certain distinct advantages as well as certain distinct 
disadvantages. The o])en construction has the advantage of accessibility of parts, 
and the French saccharimeters can usually be very easily dissected, in some 
cases without the necessity of removing a screw, the various parts slipping or 
turning into position. Easy accessibility is desirable in tropical countries, where 
the ])risms require frequent attention, owing to the attacks of fungi which, unless 
quickly removed, will soon ruin the instrument. It is also desirable in remote 
localities, in order that damaged parts may be easily detached and sent away 
for rej)airs without the necessity of shipping the whole instrument. Objections 
to the open construction are that it does not exclude dust, that contamination 
of the wedges, etc, with drops of spilled solution is more easy, that it induces 
frequent tampering, and that it prevents securing the rigidity necessary for pre- 
serving the accurate permanent alignment of the optical parts. These objections 
to the open construction are all valid, but the advocates of the closed construc- 
tion have gone too far in the oppo.site direction. I would criticize especially a 
familiar model of the closed type in which the parts are fastened in with such 
a multitude of fittings and screws that it is a day's task to dissect the instru- 
ment and reassemble the parts. The most common necessary operation of re- 
moving the splash glasses requires the use of a screw driver and. as one of our 
number has exj)ressed it, "of much profanity," On one recent saccharimeter 
of the closed type the .screw for adju.sting the scale is enclosed within the pro- 
tection case which covers the wedges, so that the rim of the case must be un- 
screwed and removed before the regulating pin can be turned. Such a contriv- 
ance may prevent tampering with the scale, a common fault of young chemists, 
but will defeat its own purpose in the end, for users of the instrument will soon 
remove the protection case once for all rather than waste thirty precious minutes 
every few days to make an adjustment which, through a covered hole in the 
case, could be made in thirty seconds. There is a happy medium between the 
closed and open construction toward which manufacturers should aim. The 
recent model of French saccharimeters shows a tendency toward such a com- 
promise, and the saccharimeter of the future will no doubt combine as many 
as possible of the advantages, with as few as possible of the disadvantages, of 
each type. 
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One other important matter of general construction, which manufactui crs 
should keep in mind, is the observance of a certain conformity with general 
usage in such details as height, width of trough, etc. The departure of some 
of the newer instruments from common usage will mean trouble and expense 
for some laboratories in such matters as making new openings in partition walls 
for illuminating the saccharimeter, or purchasing extra tubes that will fit 
troughs of a different diameter. It is a great advantage, and in some labora- 
tories a necessity, to be able to use tubes interchangeably, as in the comparison 
of readings on different instruments, and this cannot be done when the width 
of trough varies, as it does on some of the newer types of saccharimeters, from 
less than 30 mm. to over 50 mm. 

Leaving general construction we will discuss next a few of the special fea- 
tures of saccharimeter design which require attention, and the most important 
of these is the polarizer. 

The most accurate polarizer for quartz wedge saccharimeters is generally 
admitted to be the IJppich. The extreme fragility of the lialf -prism of this type 
of polarizer is, however, a most serious defect. The sharp edge of the small 
prism, which forms the dividing line of the field, is very apt to become shattered, 
often from no apparent cause. I have had three instances of this in my own 
experience and the testimony of sugar chemists generally is very similar. An 
establishment in New York, which repairs a great many saccharimeters, gives^ 
disruption of the Lippich half-prism as the most common cause of trouble. 
W'hen this damage occurs, the saccharimeter is either rendered useless or the 
accuracy of reading is so much dimini.shed that the initial advantage of the 
Lippich polarizer is lost. The Jellet-Cornu polarizer, while less sensitive than 
the Lippich in setting the field, has the advantage of much greater durability. 
The diminished sensitiveness is frequently the result of too heavy a line of 
division in the field, due either to too thick a film of balsam between the hahes 
of the prism or to imperfect alignment. On some of the newer saccharimeters 
these difficulties seem to have been largely overcome, with a great increa^ie in 
the accuracy of reading. 

The French saccharimeters .still employ the Laurent i>olarizer with the 
quartz half-wave plate. This .system has the great advantage of simplicity and 
of permitting adjustment of the half-.shadow angle to any desired degree of 
brightness with only a very small addition in cost to the instrument. < hi the 
other hand, the Laurent system being primarily intended for monochromatic 
light of one wave length, is not .so well suited to the white light re<|uirements 
of a saccharimeter, as the Lippich and Jellet-Cornu polarizers, even when using 
a bichromate light filter. The latest saccharimeters with the 1-aurent polarizer 
have simple devices for balancing the color inequalities of the field by a slight 
rotation of the analyzer, but the personal equation factor is not thus entirely 
equalized, so that the field may appear uniform to one j)erson and irregular 
to another. The j^ersonal equation factor, it should be stated, enters more or 
less into all saccharimetric measurements where white light is used, no matter 
what the type of polarizer. 

The size of the fixed half-shadow angle for a non-adjustable polarizing 
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system is a point upon which some manufacturers differ. For a charge of 26 
grams in 100 cc. the fixed half-shadow angle for the miscellaneous class of 
products tested in a sugar and food laboratory ought to be about 7 degrees. 
Yet one manufacturer is putting out a saccharimeter with a half -shadow angle 
of 5 degrees, which is much too low for the polarization of dark colored j)rod“ 
nets, and he defends this selection on the ground of increased accuracy in match- 
ing the field, stating that if solutions are too dark for this angle they should 
be clarified more completely. This manufacturer makes, however, the false as- 
sumption that the error due to increasing the quantity of clarifying agent is 
less than the error produced by increasing the half- shadow angle. It is not 
surprising that some of these new 5 degree angle instruments have been re- 
turned to the maker as not u.sable. .Such mistakes as these could be avoided 
if manufacturers would first subject an unrleveloped instrument to a thorough 
practical test before putting it upon the market. 1'his necessary jjrecaution 
would protect them against the damaging re])orts whiclt circulate U])on the re- 
jection of a new type of instrument. 

;Ml of the recent tyj)es oi saccharimeter.s have the double field and this 
seems to be in comjdete agreement with ilie opinion f>f those who have to make 
continual use of the instrument in commercial work. 

The point upon which, perhaj^s. most uncertainly was felt about the new 
saccharimeters was the optical purily of the quartz in the wedges. It harl been 
a^^e^led that the supply of quartz sufficiently pure tor cutting good wedges was 
about exhausted. Fhe lengtli of an ordinary wedge is about 30 mm., and. as 
far back as twenty years, I.andolt’ made the staiement that to possess an op- 
tically })ure (juartz wedge <»f ihi'^ length mu-l be ct)nsidered a })iece of rare 
good luck, rile situation wouk’ not srem. however. lie (piite as bad as rep- 
resented, an<l a careful examination of some of the new saccharimeters with 
a c(»nlrol tube >hows that the inaccuracic'' of scale due t(v optical imperfections 
in the (piariz wedge are levs than 0.05 degree. 

It is to be regretted llait some manufacturers in the con.siruction of the 
saccharimeter .scale have not had a sufficient regard for the comfort of the id>- 
server’s eye. One of the new scales examined consisted of sory fine lines, 
ruled uptin metal that was scratched and uiqxdished, and hence very difficult to 
read, 'fhe best of the new .scales is a nioclification of the ground glass scale 
illuminated hy softened transmitted light. ,V iiniiiue feature of this scale is 
the slight overlapping of the lines of the \ernier ujion the lines of' the scale, 
which permits the easy estimation t>f slight differences. .V vernier line is easily 
seen to be continuous with a scale line, or separated from it by a full, half, or 
quarter break, so that the observer can read to 0.025 degree without difficulty. 

The greatest length of any scale is affortled by a French saccharimeter, in 
which the two equal sized wedges of the quartz compensation are driven past 

1 1)118 optisehe Drchungsvoriiiogon, 2iul Kdit., \k IVM (189S). 
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each other in opposite directions by the action of a double rack and pinion, 
the scale being upon one wedge and the magnifying glass and vernier upon the 
other. This permits making a scale of double the ordinary length. Such a con- 
struction is, of course, limited to instruments of the open type. 

/ 

Manufacturers of the newer saccharimeters show somewhat different 
ideas about trough construction. Reference has already been made to 
the inconvenience resulting from variations in the diameter of trough. The 
separation of the trough by a small space from the rest of the instrument is 
an excellent feature of one saccharimeter, as it protects the analyzer and po- 
larizer against the transmission of heat, when polarizing hot solutions, and also 
by offering a means of drainage prevents accidental flooditig of the optical parts 
when solutions are spilled through breakage or leakage of tube^^ or otherwise. 
Some of the new saccharimeters liave a trough with a wedge-shaped cross sec- 
tion instead of the familiar semi-circular form. A wedge shape ])resents no 
disadvantage with ordinary tubes, but with tubes having projecting attachments, 
such as the control tube, the inversion tube and continuous tube, the equilibrium 
in a wedge form is very unstable ; the sudden tilling, for example, of an inver- 
sion tube, in which a thermometer is placed, may lead to an accident. For 
this reason the old semi-circular form of trough, which conforms more closely 
to the outlines of the tube, is generally to be preferred. 

Two of the new .saccharimeters examined had methods for attaching the 
illuminating device directly to the instrument. This system has an advantage 
in that the alignment of the instrument with the lamp is not disturbed l)y mov- 
ing, Init it has the disadvantage, unless suitable i)recautions are taken, of com- 
municating heat to the polarizer. < )ne new instrument had a Ninall attachable 
electric lamp, the current to which from a battery of dry cells could be turned 
off after each reading by a switch on the front of the instrument. Hut where 
readings have to be made ff>r hours at a time with one tube following another, 
the lamp must burn continuously and, in such cases, the polarizer i)ecomes over- 
heated. It is for this, as well as for other reasons, that the small allachable 
electric light system of illumination has not generally been favored by chemists. 
On another new type of .saccharimeter the lamp was su])ported by a long bracket 
fastened to the base of the saccharimeter and this device was found to protect 
the polarizer perfectly against heat transmission even after several hours' burning 
of the light. 

All of the newer saccharimeters which were examined offered a means of 
substituting a section of bichromate crystal or of bichromate colored glass in 
place of the trouble.some cell of bichromate solution. This feature will be found 
a decided convenience in many commercial laboratories, although for purposes 
of standardization, or of highly accurate measurement, the regulation cell of 
bichromate solution should always be the standard of reference. 

As to the question of scale standard : One of the more recent types 
of saccharimeters used a normal weight of 20 grams and two a normal 
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weight of 26 grams. Manufacturers express themselves as most anxious to 
please their customers in the matter of .scale standards, but are hampered by 
the lack of sufficient knowledge in regard to the rotation value for the 100 
degree point of each scale. We have two opposing official standards for the 26 
gram German scale, and there are similar disputes about the French scale. These 
differences are no doubt due in considerable part to the influence of personal 
equation, first on the part of the technician who fixes the 100 degree point of the 
scale, and. second, on the part of the observer who reads the sugar solution, 
there being slight differences of scale adjustment or of reading on account of 
the varying sensitiveness of individual eyes to the slight color di.sturbances in 
the field of all white light saccharimeters. 

The fixing of the rotation value for each particular scale should be settled 
in the same way; atomic weights, for instance, are fixed by international agree- 
ment. Xo less than twenty-nine determinations by different experimenters enter 
into the average made by Clarke for the atomic weight of silver. Let meas- 
urements of the rotation con.stant of the saccharimeter scale ])e made in as 
many difTereiit physical laboratories as possible under the best controllable con- 
ditions, ancl let the International Commission for Cniform Melho<ls of Sugar 
Analysis ]»rcscribe an average value which shall govern the standardization of 
all saccharimeters. The value thus obtained may nat be i)erfectly true for 
many individual eyes, but it will be truer for the average eye than the results of 
a single set of exj>eriments. 

1'he outlook for the manufacture of accurate saccharimeters in countries 
outside of Central luirope is believed to be most encouraging, i'he defects which 
have been noted are mostly in minor matters of construction and can easily be 
corrected. Manufacturers must iieces.sarily be given time to acquire and accu- 
mulate experience. Fhe users and manufacturers of scientific apparatus should 
work together in a critical yet friendly spirit of cooperation, it was by the 
intensest kind of such cooperation that t’ne manufaciurers of Central Kurope 
attained their high position and manufacturers in other countries must follow 
a similar course if they are to achieve the greatest success. 


[R. S.X.l 
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Pahala Blight. 


Ky II. L. Lvox. 

Paliala bli^lit of the sugar cane is a ly[)C of chlorosis induced by a factor or 
factors resident in the soil. 

Chlorosis signifies a derangement of the chlorophyll (green coloring matter) 
in a plant which becomes apparent through the diminution, destruction or total 
absence of the green color in the tissues. Five types of chlorosis appear in Ha- 
waiian cane fiebls. 

Inherent chlorosis is due to a loss on the part of the protoplasm, or living 
substance, of the ability to produce chlorophyll. If the living substance through- 
out all of the embryonic tissue of a cane plant loses the j)ower to generate chloro- 
phyll. this tissue can then give rise to white leaves only and the plant soon dies 
of starvation through inability to compound starch and sugar. W hen canes are 
grown from seed on any considerable scale, individual seedlings will frequently 
appear which never j)roduce any green leaves at all, their tissues throughout 
being white or yellowish. All such seedlings die when the nourishment supplied 
by the seed is exhausted. 

W hen loss of ability to generate chlorophyll extends to only a portion of 
the embryonic tissue of a slioot, the result is leaves with white and green stripes 
of varying widths, and we say that the leaves are variegated. Many well-known 
varieties of cane habitually produce variegated leaves, and an occasional varie- 
gated shoot may be found in any variety. W hen variegated canes are grown 
on any considerable scale, individual shoots are certain to occur, the embryonic 
tissue of which has entirely lost the chlorophyll-producing power. These shoots 
have white leaves and survive only through sup[)ort derived from other shoots in 
the stool. Needless to say, it is impossible to propagate a cane with only white 
leaves. 

The well-known Yellow Stripe disease is an infectious chlorosis attacking 
canes of all ages, of all varieties and in all districts. It is caused by some para- 
sitic agent as yet undetermined. 

Lime-induced chlorosis appears in canes grown in soil containing an excess 




Fig. 1. A stool of cauc in an advanced stage of Pahala Blight. 
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of calcium carbonate. It only occurs in lowland fields at points where there is 
an outcrop of ancient coral. Under such conditions canes once green may lose 
all of their chlorophyll, the leaves becoming quite white. Cuttings from such 
canes when planted in good soil give rise to normal green shoots. 

A chlorosis of young ratoon shoots occurs quite extensively, particularly 
on the Island of Oahu. In this case the leaves of the young shoots are quite 
white when they unroll and they may remain so and die or they may eventually 
become green. If the first shoots to appear from the old stool do not recover 
they are soon followed by green shoots which grow normally, so while this 
chlorosis may cause a delay in the starting of the ratoon crop, it does not, as a 
rule, ap])reciably affect the ultimate stand. 

Pahala blight is an induced chlorosis which may afflict a cane plant at any 
stage in its growth. It is characterized by paling or whitening of the tissue of 
the leaves in definite narrow stripes, these stripes alternating with green stripes 
of about eciual width as may be seen in Fig. 1 and the illustration on the cover. 
This tyj)e of chlorosis has been noted in cane fields in various parts of these 
I.slands and also in other cane-growing countries. In most localities it is but a 
temporary derangement of the green tissues in the leaves, which eventually regain 
their normal green color and the plant suffers no permanent injury. In Pahala, 
however, tliis type of chlorosis appears regularly in every crop on certain fields 
and often persists for such periods as to very seriously injure the crop; in fact, 
it not infre(|uently causes the complete failure of the canes on considerable areas. 

Dat.v PRKvior.sLV Recori)i:d. 

Pahala Idight has been known as long as cane has been grown on a com- 
mercial scale in Pahala. At a very early date it was definitely establi.shed that 
the disease was not spread throughout the district, but occurred on certain 
sharply-defined areas only. It was also early noted that the trouble seemed to 
develoj) to its greatest intensity only when certain climatic conditions j)revailed, 
the essential factors being continuous cloudy, wet weather, and that the cessa- 
tion of these conditions was always followed by immediate improvement among 
diseased canes. 

l\'ihala blight was .studied by Dr. N. A. Cobb* during 1905-I90(i. He named 
it ////«// hli(fht" and published a very full de.scription accompanied by 

some excellent illustratioiis which tell better than words how the disease may be 
recognized in the field. His de.scription is slightly inaccurate in certain details, 
however, and his conclusion (|uite erroneous in .so far as the cause of the disease 
is concerned. He describes a new fungus, M ycospharrclla striatifonnans, as a 
parasite directly resjumsible for the malady. This fungus proves to be a sapro- 
])hyte which enters the tissues of a cane leaf only after these tissues have died 
from Pahala blight or. some other cau.se. During the early stages of Pahala blight 
no parasitic organisms can be found in the afifected tissues, and M. striatifonnans 
<loes not, by any means, appear in all leaves that .succumb to Pahala blight. 

* Kxperiincnt Station, H. S. P. A., Division of Pathology an<l Phys. Bulletin 5, pp. 

106, Bulletin 6, p. iOH, pi. VH. ' * 
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Structure of a Cane Leaf. 

To clearly understand the exact course of the disease in a cane leaf 
we must first understand the structure of the leaf and the disposition of the 
chlorophyll therein. 

Vascular bundles constitute the framework about which the other tissues of 
the cane leaf are disposed, certain tissues being asspcfated with each bundle ac- 
cording to a rather definite plan, forming a structural unit. The bundles are of 
several different sizes and the complexity of the unit increases with the size of 
the bundle around which it is built. The tissues associated together in one of 
these structural units may be noted by referring to Fig. 2. There is always 
present the essential vascular tissue, vessels and sieve tubes, which is completely 
surrounded by a layer of large cells with rather thick walls constituting the bundle 
sheath, and this in turn is enclosed in a layer of thin walled cells which are 
densely packed with chlorophyll. 

Vascular tissue, bundle sheath and chlorophyllous tissue are the essential 
tissues always present in a structural unit of the leaf, no matter how small or 
how large that unit may be. Additional complexity is added to the larger units 
by an increase in the size and number of cells in each essential tissue and the 
interpolation of sclerotic tissue or fiber cells at various points to give mechanical 
strength to the unit, as seen at 6 and 9 in Fig. 2. 

Now, in a cane leaf these structural units of different diameters run parallel 
and in such close proximity to each other as to form a continuous layer through- 
out the blade of the leaf. In this layer of parallel units there occur at uniform 
intervals very large units which we may term major units. These major units 
are practically cylindrical and of such large diameter that they cause the up])cr 
epidermis to be elevated in order to accommodate them, d'hey always contain a 
large amount of sclerotic tissue and constitute the chief strengthening members 
in the leaf. They occur from 2 to 3 millimeters apart and run quite parallel 
through the wings of tlie leaf blade. 

From the foregoing description of the structure of a cane leaf it will be 
noted that the chlorophyll is segregated in a very definite tissue which is dis- 
posed in a layer around each and every vascular bundle in the leaf. 4 

In Pahala blight it is the chlorophyll that is directly affected. 

I^ATIIOGENESIS. 

Pahala blight is in effect a bleaching and destruction of the chlorophyll. As 
a rule the chlorophyllous tissues around the minor vascular bundles only are 
affected, the green tissues around the major bundles becoming involved only at 
a late stage in the disease. As a result a newly affected leaf displays a very 
definite striped appearance, green stripes alternating with yellowish-green or 
white stripes. 

In the affected tissues the chloroplasts first lo.se their definite outline, then 
run together in a pale yellowish green mass and finally lose all semblance of 
green color. 
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The first indication of an attack of Pahala blight noticeable in a cane leaf 
is a paling or bleaching of the green tissue at the proximal ends of the minor 
vascular bundles. The bleaching proceeds upward and outward through the 
blades of the leaf along these bundles, producing light stripes of uniform width 
which may eventually extend to the very margin of the leaf. The progress of 
the disease may be slow or very rapid. In some cases the paling of the tissue in 
the stripe is very gradual and may not proceed beyond a light greenish yellow ; 
in other cases the paling is very rapid, the tissues being quickly bleached to a 
sickly, yellowish white. 

A cane shoot may show a mild case of Pahala blight, continue in the same 
condition for months and eventually recover. Then again the disease may reach 
an acute stage only a short time after the first symptoms have become apparent, 
but the shoot usually lingers on for months before it finally succumbs. If the 
chloroplasts are seriously injured the tissues never recover, but die and are soon 
invaded by various saprophytic fungi. When canes become seriously affected by 
the blight they stop growing and remain practically donnant until the blight- 
factor ceases to operate, then they do not recover by rehabilitating the old tissue, 
but produce new and healthy tissue. Consequently canes often show a very 
abrupt transition from diseased to healthy tissue. One leaf may be badly marked 
by the blight and the very next younger leaf show no signs of the blight at all. 
Then, again, the upper portion of a leaf may be distinctly blighted, while the 
basal portion is quite free from blight. In such a case the l)asal portion has been 
produced after the blight factor ceased to operate. 

lNVESTir,.\TI()N OF PaHALA BlIGHT. 

The actual cause of Pahala blight has not been determined. Early in our 
experience with the malady, however, we obtained certain evidence which indi- 
cated that the bleaching of the green tissues in the leaves was due to some dele- 
terious chemical agent taken up from the soil by the plant. 

Analyses of soil from areas where the di.sease annually occurs have failed 
to reveal the causal factor. Tub experiments conducted in Honolulu on soils 
from blight areas have yielded only negative results. Finally we decided to con- 
duct comprehensive experiments with these soils in the field. In these cx])eri- 
ments we aim to apply laboratory methods but at the .same time maintain field 
conditions. 

The installation, progress and results to date of the first exi)eriment of this 
nature are carefully described by Mr. W. L. S. Williams in the following pages. 

This experiment gives us the first positive evidence yet obtained on the exact 
location of the causal factor of Pahala blight. Incidentally, it also shows what 
these lands actually produce in comparison with what they would produce if the 
blight factor could be nullified or eliminated. 
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Pahala Blight Investigations. 

By \V. L. S. Williams. 

Hawaiian AtJkicrLTURAL Co. Observation Test D.* 

Object. To avoid confusion and misunderstanding, it should be stated 
here that the object of this experiment is to obtain information, and that none 
of the treatments employed have at any time been considered as practical meth- 
ods of combatting Pahala Blight. The experiment was designed to answer the 
following questions : 

1. Can Pahala Blight be corrected by the incoq)oration of organic 

matter in the soil? 

2. Is Pahala Blight caused by j)oisonous gases rising into the surface 

soil ? 

3. Does the cause of I’ahala Blight reside in the surface soil or in 

the sub-soil ? 

Description of Experiment. For the location of the experiment, a section 
of Mis‘^ion l^^ield at an elevation of 1,500 feet above sea level was selected. This 
field is recognized at Hawaiian Agricultural Co. as being one of the most seri- 
ously and continuously blighted fields on the ])lantation. 'I'he crop harvested 
here in 1919 was Yellow Bamboo plant. It yielded an average of but 14 tons of 
cane per acre. This crop failure was due solely to the damage caused by Pahala 
Blight. ( )n the section of the held where the experiment was installed the cane 
had been entirely killed out by the blight. 

'fhe variety of cane selected for the exjK'riment was Yellow Bamboo, this 
variety being considered the most susceptible to blight. A second reason for 
planting this variety was the desire to avoid any ])(>ssil)le comjilications induced 
by a rotation of varieties, the ])revious crop having also been Yellow Bamboo. 

The installation of the experiment consisted in removing all surface soil 
from a space ten feet wide and eighty feet long. The depth of this surface soil 
varied from 12 inches at the upper end to 20 inches at the lower end. The sur- 
face soil was a fine sandy loam, while the sub-soil was a reddish brown clay 
loam, so the dividing line was easily followed. The sides of this e.xcavation 
were entirely lined with half-ply rubberoid nx>fing paper, and the whole sub- 
divided by strips of the .same material into four plots, 10.\20 feet in size. The 
purpo.se of the roofing paper was to prevent the lateral movement of soil water 
and gases from one plot to another, limiting this movement to the space directly 
below each plot. The [dots were numbered from the U[)per end — 1, 2, 3, and 4. 

1. In [)lot No. 1 (hereafter known as Organic Plot) a six-inch layer of 
mixed stable manure. [)ress cake, and bagasse was inserted. This layer was then 
covered to the original level with the previously excavated surface soil. The 
puqmse of this plot was to test the corrective value of organic matter for Pahala 
Blight. 


• KxporinHMit phiiiUfMl by H. L. Lyon. 

Kxperiment iai<l out by \V. 1*. Alexaiulor ami W. L. S- Williams. 
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Installation of Excavation Experiments. 



1 


Photographs showing excavation made hy removal of all surface soil from urea where 
cane had previously failed to grow" on account of Pahala Plight. 



The excavation w’as divided into four compartments, which were lined with half-ply 
rubberoid rooting paper, wire netting being used to form a back'uig for the paper. The 
purpose of the roofing paper was to prevent the lateral movement of soil-w^ater and gases 
from one plot to another. 







Photograph takon Soptoiiibor 29, 1919. Mml flow plot is in foregrouinl. 





202 


2. In plot No. 2 (hereafter known as Check Plot) the excavated surface 
soil was replaced without further treatment. The puriK)se of this plot was to 
act as a check on the other plots and to note the effect of handling the surface 
soil. 

3. In plot No. 3 (hereafter known as Charcoal Plot) a six-inch layer of 
crushed charcoal was inserted. The charcoal was then covered to the original 
level with the previously excavated surface soil. The purpose of the charcoal 
was to act as a filter, to prevent injurious gases from rising into the surface soil 
from below. 

4. In plot No, 4 (hereafter known as Mud Flow Plot) the excavation was 
filled with soil transported from Mud Flow I'ield — a field in which blight has 
never been known to occur. The purpose of this plot was to determine if the 
blight were induced by the sub-soil or by poisonous gases arising into the sur- 
face soil. 

After completing the above. Yellow Bamboo seed was planted in all plots. 
Each plot had four lines of cane, each line 5 feet wide and 10 feet long. The 
following sketch shows the layout complete: 



Observations have been made from time to time of the growtii of cane, 
the number of shoots, and the degree of blight in the four plots. The following 
table gives the data from which graphical charts were plotted for the first year’s 
results : 


Height of Oane to Tips of Leaves ' T(>tal Number of Slioots 


Date of Observation 

1 

j Organic 

1 

> 

Cheek 

Char* 

coal 

Mud 

Flow 

Organic 

Check 

(’har- 

conl 

Mud 

Flow 


i 1 

o 

3 


1 

2 


4 

iigust 11, 1919 

— 





' 



3ptember 10, 1919 . . . 

14'' 

8" 

10" 

I 10" 

83 

40 

48 

92 

•ptember 29, 1919 ... 

20" 

12" 

12" 

; 12" 

93 

; 5.5 

67 

109 

?,tober 15, 1919 

24" 

12" 

18" 

1 18" 

101 

56 

73 

115 

ovember 3, 1919 

36" 

24" 

30" 

o 

CO 

1.51 

64 

74 

132 

tnuary 14, 1920 

60" 

30" 

30" 

36" 


.... 


.... 

jbrnary 18, 1920 









pril 2, 1920 




.... 





ay 11, 1920 



.... 

j .... 


.... 



ily 23, 1920 

i 

36" 

48" 

114" 

211 

91 

130 

194 
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Percentage of Blighted Shoots 


Date of Observation Organic Check 

coal 


Mud 

Flow 


12 3 4 


August 11, 1919 

September 10, 1919 

September 29, 1919 


October 15, 1919 

3.96 

7.14 

24.66 


November 3, 1919 

4.63 

51.56 

48.65 


January 14, 1920 

2.0 

100.0 

100.0 


February 18, 1920 .... 

1.15 

100.0 

100.0 

1.28 

April 2, 1920 

16.66 

100.0 

100.0 

4.22 

Mav 11, 1920 

14.43 

100.0 

100.0 

2.84 

Julv 2.'!. 1920 

12.32 

100.0 

100.0 ' 



It should be noted here that the blighted canes in the Organic Plot noted 
in October and November were scattered throughout the plot, while all blighted 
shoots in the Organic and Mud Flow Plots noted after January were entirely 
confined to the sides and ends of the plots, none appearing in the central parts. 

On July 23d, 1920, final observations and measurements were made which 
are tabulated below : 




Number of 

Average 

Average 

Percentage Total Height 

Calculated 


Plot., 

; Shoots or 

Length 

Circum. 

Blight 

to Tips 

Tons Cane 



I Sticks 

1 

i - 

of Stick 

of Stick 


of Leaves 

per Acre 

1. 

Organic .... 

211 

47.9 

4.415 

12.32 

121^ ft. 

49.8 

2 

Check 

91 

0,0 

0.0 

100.00 

3 ft. 

0.0 

3. 

riiarcoal .... 

130 

3.0 

2.056 

100.00 

4 ft. 

0.5 

4. 

Mud Flow .. 

^ 194 

«>q o 

4.100 

0.00 

9la ft. 

24.4 


During the year (wo apjdications of complete fertilizer containing 11*^ 
nitrogen have been applied unifonnly to all plots, each application being at the 
rate of 500 lbs. per acre. 

Results. The growth of cane as indicated by the height of the cane and 
the number of shoots shows that the Organic Plot has made an exceedingly 
rapid growth. The Mud I'low Plot has made practically a nonnal growth. 
Neither of these plots has been checked to any extent by blight. In the Check 
and Charcoal Plots, however, we find a total failure of the cane, due entirely 
to the ravages of Pahala Blight. 
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In the column of Percentage of Blighted Shoots we find none of the plots 
showing traces of blight until the end of two months after planting. It was 
noticed, however, that the cane in all plots had a very poor color up to the 
first application of fertilizer on September 29th. From the beginning of the 
third month, Organic, Check, and Charcoal Plots begin to show traces of blight. 
In the case of Organic Plot, the blight diminishes slightly until February, at 
which time all blighted shoots in the central part of the plot have recovered. 
From April on, a heavier blighting takes place in the Organic Plot, but entirely 
confined to the edges of the plot. In the cases of the Check and Charcoal Plots 
the blight progresses steadily from the first traces noted in October to a condi- 
tion of 100% blight in January, from which condition there is no revival. With 
the Mud Flow Plot we see no traces of blight until February, when a few shoots 
around the edges of the plot become affected. This condition grows a little 
worse in April, hut a slight diminution is noted in May, with total recovery of 
all shoots by July. 

Conclusion. Taking up the three questions which the experiment was 
intended to answer we can conclude with certainty that : 

1. P::hala Biight can be controlled, if not entirely corrected, by the 

incorporation of organic matter in the soil, as is shown by the 
results of the Organic Plot. 

2. Pahala Blight is not caused by gases rising into the surface soil, 
as is shown by the failure of the cane in the Charcoal Plot 
and tlie .'success of the cane in the Mud Flow Plot. 

The cause of Pahala Blight resides in the surface soil, as shown 
by the success of the cane in the Mud Flow Plot and the fail- 
ure of the cane in the Check and Charcoal Plots. 


3. 
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We 8ee here the results of iiu*nrp(»ratiii^ or^anir matter. This |>hoto^ra|»h was taken on May 11, 1920, about ten months after the cane 
was j»lante«l. On the ri^ht the i-aiie in tlie rhe< k plot, whirh is 10o</f Oisease*! w’ith Paliala Hlij;ht, ami has iiiaOe no stick. On the left is 
seen the <*aiie planted in the plot wljer»* ory;ani<' matter wa> meorjn>rate«l with the soil. The cane tips reach a height of feet. 
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Potash Fertililzation Gives Consistent Gains at Onomea. 


Onomea Exp. No. 6, 1918 and 1920 Crops. 

In this experiment a study was made of the value of varying amounts of 
potash as compared with no potash. The cane was Yellow Caledonia, second 
ratoons, long, for the 1918 crop. 

This test was started in 1917, so that the potash for the 1918 crop was not 
applied until during the second growing season, June 15, 1917. For the 1920 
crop, the potash was applied to the young cane on October 18, 1918. All plots 
received a uniform application of nitrogen of about 195 jxjunds per acre in three 
doses. 


POTASH EXPERIMENT 

Onomea Sugar Co. Exr 6, fS2o crops 

Field 93 


1918 Crop I9e0 Crop 



fVlosh Applied June IT, I91T. Pofoeh Applied Ocf. \, 1918. 


The potash applications and the yields for each treatment for the two crops 
are given below : 


Plots 

1 

1 

1 No. of 

1 Plots 

i 

1 

1 

1 

• 

Treatment, 

Lbs. per Acre 

YIKLDS PER A(^RK 

1918 (!rop 


1920 Crop 


1 

Cane , 

Q.R. I 

Sii^rar 

Cane 

Q.R. 

Bu^i^ar 

X 

I 12 

No potash ' 

47.4 I 

1 

8.27 1 

5.78 1 

53..8 

8.58 

6.21 

A 

! 6 

125 lbs. sul. pot . . ! 

51.6 ' 

8.47 j 

6.09 M 

60.9 i 

8.88 

6.86 

B 

! 6 

250 lbs. sul, pot . . I 

52.9 i 

8..'}7 1 

6..82 1 1 

64.0 : 

8.41 

7.61 
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The results of the two harvests from this experiment are distinct and 
positive in favor of potash. In all cases the plots receiving potash produced 
more sugar per acre than the adjoining check plots. (See plot curve below.) 
The gains due to the potash were greater in the 1920 crop than in the 1918 
crop. This is undoubtedly due to the fact that the potash was not applied to 
the 1918 crop until during the second growing season. 


CAIN DUETOPOfTASH 
Onomed Su^ar Co. Exp. 6> 1920 crop 

Curve Olwwing Cone Yiddk Acre By Picts. 



GAt^ DV£ To POfASH 
Onomca Sugar Ca £xf*. < 5 , 

Cttrv* jAaniwy eterr iy 


? 3 4 S 6 7 « 9 to It fB t3 14 fS ft rr t$ t9 90 it 99 79 74 

K A \ BXAXOXAXBAXOXAXeXA?^BK 



Results of a similar nature were ohiained last year from (Jnomea Experi- 
ments Xo. S and Xo. 9. For details sec Record, \'ol. XXI, pages 161 and 254. 

A composite sample of the surface soil taken from Exj^eriment Xo. 6 has 
an analysis of .214 total acid soluble K.t ). 

DETAILS OF EXPERIMENT, 

Object: 1. ('onijmrin^ potash with no potash. 

2. CoiiipariiifT varying aiiumnts of potash. 

Location: Onomoa Sujrar Co., Fiohl 9.’t (l.*t5-;u'rc field). 

Crop: Yellow CahMionia. drti ratoon, long. 
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Potash Experiment 
O noniM Sugar Ca Exp. 6, 1920 crop 
FIckt 93. 


Layout: No. of plots, 24. 

Area of jilots, 1/10 acre each, consist - 
ing of 6 rows 5.79 feet wiOe and 
125.1 feet long. 



t X 

XCmm IM. 

51.84 

2 A 

59.11 

3 X 

55.31 

4 B 

65.6^ 

5 X 

56.01 

6 A 

63.22 

T X 

55.69 

8 B 

63.58 

9 X 

52.00 

10 A 

5T.43 

11 X 

50.74 

12 B 

61.97 


Plan: 


Fertilization: 


PWi 

SmMmm nUth 
Lt$, ptraen 

VkldR Pmr/icn 


Oim 

jyL 



fluMr 

X 

0 






A 

I25» 

ML90 

680 

SM 

7.5f 

.as 

a 

250^^ 

atot 


T.0I 

IO.T0 

1.40 










1 

! 

j No. of 

I Plots 

1 

i 

Oct. 18, 
1918 

Oct. IS, 
1918 

Feb. 6, ' 
1919 ^ 

1 

May 16, 
1919 

Total Lbs. per 

Acre 

K.O 

Plots 

Sulfate 

1 of l\)t. 
per Acre 

Lbs. 

W. I. 
per Acre 

Lbs. 

N. S. 

, per Acre 

Lbs. 

N S. 
per Acre 

N. 


X 

12 

0 

500 

' 500 

450 

19.5.75 

40 

0 

A 

6 

12r3lbs. 

500 : 

.500 

450 

195.75 

4(1 

60 

B 

6 

; 250 lbs. ; 

500 ' 

500 

4.50 

193.75 

40 

120 


W. L=z9%% N., 8% PoO:,. 

N. S. = 15.5% N. 


Experiment jdanned by L. I). Larsen. 

Experiment laid out by W. I’. Alexander. 

Experiment fertilized by G. B. Grant and W. L. 8. Williams. 

Experiment harvested by W. L. 8. Williams, July 29, 1920. 

J. A. V. and \V. P. A. 
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The Ewa Concrete Stove. 

Industrial Sendee Bureau, //. 5 *. P. A. 



Pijj. 1. stove Kaetorv, Kwa Plantation. 

In onl(‘r to almte the nuisane(» of open fires for eookinj; and ti* provide the labor with 
.some dejjree of eoinfort in their kiteheii.s, t»ie eonerete stove as shown in Plan 37, In- 
dustrial Service Hureau, has been adopted by Ewa, where stoves are being mannufaetured 
in large nuniber.s. 



Fig. 2. Stoves must season. 

Three weeks are allowed for the stoves to season before they are placed on the bases, 
which are cast in place. Ca.st iron ring.s and plates are installed when the at^ve is sot up. 
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Vijj. .*{. Woll-iiiftili* Forms. 

Tlio forms used arc (‘arofully mnclo ami boltod to^(*tlM*r. Tho stovo is cast iipsiilt* 
down. Concrete is mixed in the followinjf preportie.ns: (The recess left tor the* cast iron 
rings is % inch deep, 1 inch wide. Outside ring should md be cementt'd in, as by re 
moving same the large size rice cooker will fit nicely.) 


Crushed fire brick 1 in. and smaller, using all sand from crusher parts 4 

Clean sharj) sand “ 1 

l\>rtland cement “ 1 

Fire clay “ Uj 


This mixture is used throughout, and the .stoves are ndnforced with t.j-im*h br»rs 
placed around the top. 


Phosphoric Acid for Grove Farm — Lihue District. 


Grove Farm 1’lantation Fxi*. No. 9 (1920 Crop). 

This experiment is to determine the value of phosplioric acid on that part 
of the ui)per lands of Grove Farm Plantation lying on the slopes of Kilohana 
Crater. This same soil type extends to the mauka lands of Lihue, and to part 
of the homesteads back of Makee Sugar Co., so that it would be fair to expect 
the results of this experiment to apply to the same type of land on Lihue and 
Makee. Further, observation tests on the mauka lauds of Lihue .show decided 
resjwnse to phosphoric acid. 
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Fij(. 1. Xo rev<‘rt«*<l pliospbate. 

J he field in which this experiment was conducted was virgin land. Com- 
parisons were made between 0, SOD. and 10(K) pounds reverted phosphate ])er acre. 
J he pliosphate was applied broadcast after second plowing, harrowed in, and 
the field then furrowed and planted. 

The response was immediate. W hen the cane was hut six weeks old, 
marked difi'ertnees were noted in favor of ])hosphoric acid. Xot only in this 
particular area was the difference noted, but in the .surrounding field the con- 
trast between phosphate and no-j>hosphate areas was very marked, d'his dif- 
ference was plainly discernilik during the whole growth of the croj). 

The application of 3(X) pounds reverted phosphate increased the yield by 
4.34 tons cane, or 0.3 ton sugar, while 10(X) pounds reverted phosphate increased 
the \iehl by 7.4S ion> cane, or 0.S9 ton sugar. 



Fig. 2. 500 jiouiuis revert imI pliosphnto per acre. 

The caiio reprosentoO in the photographs above is Yellow t'aletloiiia plant, in virgin 
land, not irrigated. The eane was planted at the aame time and received identical treat* 
inent, except that that shown in Fig. 1 did not receive phosphate, while fhat in Fig. 2 
received 500 pounds reverted per acre. (Grove Farm Kxp. Xo. 0, 1920 crop ) 
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REVERTED PHOSPHATE 
Grove Farm Plantation Exp. 9 .t 92 o crap 
Field 22. 



Ton 5 .RA. 

Cane Sugor 

4-fl A 



Tons.PA 
Su 9 or Cone 

“O o 

40 5 

^ 


5 40 


The following table shows the treatments aiul results : 


Plot 

Treatmout 

Tons Pane 
|H*r Arre 

Q.R. 

Tons Suj/ar 
l>or Am* 

Iiicrfast* Ov 

Tons Cane 

f*r No lV)r. 

Tons Siijrar 

X 

; 

4LM4 

8.:i9 

5.02 

0 

0 

I) 

1 500 lbs. R.P. 

46.48 

8.42 

5.52 

4..54 

0.50 

E 

1000 lbs. R.P. , 

49.62 

8.59 

5.91 

7.*18 

0.89 


The addition of phosphoric acid has caused practically no difference in the 
iuices. the analysis of which follow's: 


Plot 

1 Lbs. Rev. 
Phosphate 
per Acre 

Brix 

Pol. 

i 

j Purity 

1 

1 Q- R- 

X 1 

! 0 i 

18.06 1 

15.80 

! 87.r. 

8.59 

D 

500 

18.10 1 

15.75 

j 87.0 

8.42 

E j 

1000 

18.17 ! 

15.85 

1 87.2 

1 8.59 
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DETAILED ACCOUNT. 

Object: 1. To <It*terminc the value of reverted phosphate. 

2. Amount to apply. 

Iiocatlon: Field 22. 

Crop: Yellow Caledonia plant eane on virjrin laiul. 

Layout: No. of plots, 27. 

Size of plots, 1/10 aere (fiO' x 72.5'). 

IMots are composed of l.‘l straight lines 4.7' x 72.5', and separated by 3'foot 
roadways ruiiniii^r at right angles to the rows. 


REVEf?T£D PHOSPHATE 
Grove Farm Plontdion Exp. 9. l9^o Crop 
field 22. 


To«5Caiit ' 
P<r acf« 


10 ) 



c 

4T.40 


1120 


D 

39.80 


E 

44.00 


X 

34.40 


£ 

S3i)0 


H 

45.30 


D 

SOBS 


t 

45.30 


S3^0 


0 

54.85 


£ 

4S.85 


X 

3T.55 


D 

43u!0 


c 

4X00 


X 

42j6S 


D 

43125 


E 

44.40 


44 JS 


D 

494)0 


E 

53.T5 


33.T0 


O 

53.10 


E 

62j0S 


(£»p. «•) 


L 

•1 

s 

i 

i 


Summery ol Results 



rai 

CnI 

Trcotmcvit 

S’<irae'i.a 

usm 



0 

QIQE^ 

mm 

d 

o 


E!ynF?i 

pgi 

or 

la 

■CESjsaisaii 

EYT’Tina 

mi 


Plan: 


Plots No. of riots Lbs. Rev. Phos. per Acre 



X 

I) 

K 


9 

S 

10 


0 

500 

1000 


l^hosphate applied broadcast and harrowed in. 
Fertilization uniform to all plots. 

Kxperiinent planned and laid out by R. 8. Thurston. 

Progress: 

May 22, 191S — Pho.sphate applied, 
dune, 191 S — ^l^urrowed and planted. 

June 28, 1920 — Experiment harvested by J. H. MidkilT. 
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Fertilizer: Amounts to Apply. 


Grove Farm Plantation Kxperiment 10 (1920 Crop). 

This experiment is to determine the profitable limit of nitrogen applications 
on the mauka lands of Grove Farm lying on the slopes of Kilohana crater. 

Comparison is made between 0» 100, and 200 pounds nitrogen per acre, ap- 
plied in three equal doses in December, February, and June. The following 
tabulation shows the amounts of application and the yields : 


Plot 

No. of 

Plots 

' 

Lbs. 

Nitrogen 
per Acre 

Yiebl, 

Tons Cane 
per A ere 

Q. R. 

Yiebl, 
Ton.s Sugar 
per A ere 

Inereaae Over X 

Tons Cane Tons Sugar 

G 

12 

0 

j .H8.79 

8.9a 

' 4.:u 

0 i 0 

H 

12 

100 

j 42.S(j 

9.07 

, 4.7:i 

4.07 ; 0.39 

I 

12 

200 i 

i 41.91 

9.18 

1 4.57 

a. 12 j 0.23 


The application of 100 jiounds nitrogen increased the yield 4.07 tons cane 
and 0.39 ton sugar, while 200 ixiunds nitrogen caused an increase of but 3.12 
tons cane and 0.23 ton sugar over no nitrogen. 


AMOUNT OF NITROGEN TO APPLY 

In addition to nitiiB 9 eii,aN plots received S0(f of Reverted Pho^ptiefo pio. 
Grove Farm Plontotion Exp. 10, i9zocrop 
field ZZ. 



Tons Per Acte 
Cane Su 9 ar 

4.0 - 



Ibno Per Acre 
Su 90 f Cane 

3e 4 — 


^ 

4 32 
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This exj>erimcnt was conducted on soil deficient in phosphoric acid. When 
it was noted that this cane was suffering from a lack of phosphoric acid, a uni- 
form dose of 500 pounds reverted phosjdiate was applied to all plots. This 
application caused an improvement in the cane, but it never recovered from the 
early setback. Had this experimental area received phosphoric acid early in the 
growing season, it is i)ossible that the gains from nitrogen would have been more 
pronounced. 

DIlTAILIil) ACCOUNT, 


AMOUNT OF NITROGEN TO APPLY 

In addition to nitrogen, oil plots received 
500 pounds Revert^ Phosphate perocrc. 
Grove Farm Plontation Exp. 10. 1520 Crop 
Field 22. 


Object: liotenniiu* the atnouiit <»f 

iiitrojjtMi l(» apj»ly on a«'i«l, 
virgin laud. 


Location: KioM 22. 


Crop: Vollow ('alrdonia p 1 u ii t 

ram*. 


Layout: No. of jdots, .a;. 

Si/.o of plot'*, I 10 a»T(* (00' 
.\ 72 .*)' I. 


I’lot'i arr ('oiiiposvri of l:; 

"trai^'ht lines 4.7'x72.r»'. and 
H(*parat<*d l»y .’I fo<»t road- 
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Termites or White Ants in Sugar Cane. 


By O. H. SwEZEY. 

Another instance of termites attacking sugar cane has come to our notice. 
Ill a single stool of cane growing in his garden on Piikoi Street in Honolulu, Mr. 
E. L. Caum found in July of this year a few of the stalks much eaten and hol- 
lowed out by the termites, which had worked into the stool from below ground 
and on up into the stalks of cane. These termites had apparently reached the 
stool of cane from a nearby fence, which was badly infested with them. 

Mr. Caum also found tubers of the edible canna, growing nearby, infesied 
by these termites. 

I'he only previous record of termites attacking growing cane in the Ha- 
waiian Islands was in the case of five stools in a tield of the ( )ahu Sugar C'o., on 
the W aipio peninsula in Pearl Harbor, in July of 1917. An account of this 
occurrence is given in the Planters Record, Vol. X\TI, p. 113, September, 1917. 
Figures are given of the insects and the sugar cane eaten by them. At that time 
we did not know the species, though it clo.sely resembled Coptotennes ijestroi 
and C'. fonitosanus. Since then, it has been given a name (Coptotennes intnt- 
dens) by Masamitsu ( )shima, an entomologist of Ju)rmosa. to wliom specimens 
had been sent. The descri[)tion with figures is published in Proceedings of the 
Hawaiian Entomological Society, \V)1. IV, No. 2, p. 261, June, 1920. 

In March of this year this same termite was found to be working in sweet 
corn on Quarantine Island. It was noticed by Dr. Sweet, who called Mr. I’Ihr- 
horn's attention to it. When later investigated by Messrs. Ehrhornand W illiams 
and myself, it was found that a good many of the living well-grown stalks of 
corn had been entirely eaten out so that they fell over. "I'he termites liad eaten 
in from below the surface of the .sandy soil and worked upwards the same as in the 
sugar cane noted above, A large pile of old lumber and timbers badly infe>ted 
with the termites was near the garden, and there were runways in the .sandy 
ground to the injured stalks of corn. 

In this connection it should be mentioned that at the l^xperiment Station 
on Keeaumoku Street and Wilder Avenue, the fence is very badly eaten with the 
same termite in many places, and it is very remarkable that no work of the 
termites has ever yet been found in the sugar cane of any of the plots, even 
though within a few feet of the fence. 
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Sugar Refining in the Island of Cuba.* 


By H. C). Neville. 

The ever-increasing production of sugar in the Island of Cuba and the doubts 
that nalurally ari.se with regard to the probability of marketing it in its crude 
state if European production expands and the production of beet sugar in the 
United States continues increasing, lend interest to the question of sugar refineries 
and the direct production in Cuba’s mills of plantation white sugars. In the past 
only a very limited number of our mills have produced what are known as washed 
sugars which have gone into direct consumption in the Island. A few mills have 
estab1ishe<l small capacity refineries at which a small percentage of their crude 
sugars has been purified, this production also going into the local market. But 
one large refinery has been established and is in continuous operation, this being 
tlie Cuban American Sugar Co.'s plant at Cardenas. Also smaller plants have 
been establislied in connection with chocolate and cracker factories in Havana and 
otiicrs of our larger cities. 

But, as we have indicated above, the continued increase in production of 
crude sugar in our factories and the knowledge that we must seek other markets 
than those (if the United Stales for quite a considerable percentage of this pro- 
duction, in connectic^n witli the fact that in nearly all other markets, especially 
those of luigland and France, the demand is for refined sugar, has led a number 
of tlie leading men of our sugar industry to think seriously of the establishment 
in C uba of refineries for purifying and preparing for the markets mentioned 
above that portion of our crop which it is ))elieved can be disposed of to them. 
At the present time, a refinery of 30(X) barrels daily capacity is being installed in 
connection with C entral “Limones” by Sr. Lezama, the owner of the latter. A 
plan lias also recently been sugge.sted by Sr. Anil)al Mesa to the Association of 
JIacendados and C'olonos that a pool of $1(),(XX),(X)0 be formed among wealthy 
sugar men of the Island for the j)urpose of establishing at favorable coast points 
of the I.sland three first-class, up-to-date sugar refineries, these to be used as what 
might l)e considered a balance wheel for the sugar industry, being operated at 
times when difficulty in disposing readily of crude sugar occurs, and allowed to 
stand idle during those periods when the total production of crude sugar in the 
Island meets a ready demand. This proposal was submitted in the form of a 
letter to ,^r. Miguel Arango, the President of the Association, and in his reply he 
indicated his conformity with the plan suggested and recommended that serious 
study be given it. 

'I'he utility of such refineries can readily be realized by all those who have 
been familiar with the heavy demand for refined sugars at almost any price that 
has been received in Cuba from the United States consumers during November 
and December of 1919 and to date this year. Millions of pounds of while sugar 
could readily have been disposed of at very remunerative prices, had these existed 
in the Island. 

^ The Chibaii Review, June, 1920. 
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Examples of the Work of Plantation Improvement. 

Industrial Sendee Bureau, H. S. P. A, 



Illustrating^ improvointMits in mill yar«ls. 
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Two faiinly jij>artment house on an Oahu plantation. 
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Why Industry Seeks Competent Counsel.* 


By L. V. EsTEs.f 

There is, perhaps, no more distressing spectacle than to see a home into 
which sudden illness has come. The agitation and hurried moving around, the 
anxiety for the signs of the doctor’s approach, the feverish consultation among 
the older people, all indicate the fears that are -felt by the family and the hope 
that they have that the physician will be able to successfully coi)e with the malady. 
Every family on some occasion has had such an ex|)erience. and each one real- 
izes, at such a time, that he is quite dependent on the doctor’s skill and knowledge. 
No one except a very ignorant or bigoted person would refuse to call on compe- 
tent outside counsel at such a moment. 

The doctor’s place in the community is now so well established, and the 
value of the services that he renders so evident, that the indispensability of his 
counsel in time of need is taken as a matter of course. No one would be so 
foolish as to try to prescribe for himself, for if a man who is his own lawyer 
has a fool for a client, the man who is his own doctor is very likely to have a 
corpse for a patient. It is recognized that the doctor is es|)ecially trained for 
the work that he has to do, and his .standing in the community is established since 
his competency is attested by the state in which he practices. 

The position of the surgeon is exactly analagous. If a broken bone is to be 
set, if a wound is to be .sewed up, the [)erson to whom we most naturally turn is 
the recognized surgeon. He brings to his task the training that he has received 
in both university and ho.spital, and out of his long experience he performs the 
delicate operation with the practical certainty that it will be a success. 

The Consultant Is Rec<k;nizei» in the Business World. 

When we turn to the business world, we find that the .same thing is true in 
many instances. No group of business men would dream of trying to incor- 
porate a new company without the assistance of a lawyer, and if the cor|)oration 
is to be a large one from the start they will unquestionably secure the advice of 
some attorney who has made a specialty of the matter of incorjxirating new con- 


* Portion of an Article from Iinlustrial Management, June, 1920. 

•j* From a wiJo professional experience the author has l;nit together the reasons why 
industrial firms seek and employ competent coun.sel. These reasons are reinforced l»y the 
view of the industrial engineer himself as to the advantage that his own counsel and advice 
may be to the management of a plant that is seeking for imi»rovemeiit and progress. Mr. 
Loring Vincent Estes became a machinist apprentice when eleven years old and then, suc- 
cessively, a journeyman aJid foreman of an erecting crew. At twenty-three he entered the 
United States Navy as second-clas.s machinist; served his enlistment and then held the 
positions of eivilian inspector and master machinist, the first in a private yard, the latter 
at the Philadelphia Navy Yard. Moving to (Jalifornia he became master machinist in 
construction and repair at the Mare Island Navy Yard, and under the <lirection of Mr. 
Holden A. Evans installed the first efficiency system ever j>ut in a government machine 
shop. Returning later to the East he held several engineering positions, finally becoming 
superintendent of the Chicago branch of the Miller-Franklin & Btevensoii (*ompanv. After- 
ward he imrchased this Chicago business and established it as L. V. Estes, Jiic.,‘ now one 
of the largest industrial engineering firms in the Uiiitefl States.—The Editors, Industrial 
Management. 
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cerns. Every company that is doing any considerable business consults legal 
counsel from time to time, some concerns regularly retain it, and a few even 
have lawyers on their own staff of officials. Even where there are attorneys on 
the board of directors, it frequently happens that some other lawyer is called in 
to give his advice, for it is realized that the outside point of view is valuable. 

In recent years other classes of expert counsel in addition to lawyers have 
been called into l^eing by the need that business has felt for them. The auditor 
who makes a periodic audit of the financial books of a company is now a weil- 
recognized advisor to the business concern. As a result of the connection estab- 
lished by auditing financial books of the company, the business executive began 
to call on the auditor or public accountant for constructive help to correct the 
troubles which his audit often disclosed. Thus the expert accountant commenced 
his work and. though frequently he is at the same time an auditor, he has never- 
theless a separate and distinct field of consulting service to offer to the individual 
business. 

The EvEk-wii)ENiN<; Field ok AtTio.N fok the Competent Counselor. 

These are just two of the many forms in which the advice and counsel of 
experts is made a\ailable for the use of the business e.xecutive. The list has 
grown by leaps and bounds in the past few years. Consulting engineers in the 
structural, mechanical, chemical branches, advertising ex|>erts. traffic experts, in- 
come-tax specialists, appraisers, are simply a few of the names taken as illustra- 
tifins from such a list of consultants. Perhaps most important of all, and cer- 
tainly most inclusive in tlie scope and effectiveness of the service rendered, is the 
industrial engineer. 

W ith .so many lines of consulting service developing, there must be some 
fundamental and underlying reasons for the increase. Individual consultants 
may unne and go, but the extent to which they render their service is growing 
with astonisiiing rajfidity. d'he reason must be in the value of the service ren- 
ilered, a> business men do not continue to pay out money if they do not get real 
returns {or the expenditures that they make. 

d'HK I‘'o>NOM\ UF h'MPLoVlNU ( )UTSH)K CoUNSEL. 

( )ne of the first rea.sons. then, for the existence of outsi(!e counsel is that it 
IS directly and immediately economical from the business point of view. Small 
concerns cannot afford to maintain a large staff’ of highly-j)aid experts to give 
tlu*m the needed counsel on problems as they arise. Neither can a small concern 
afford to <lo without the counsel of experts, if it is to remain in the running, 
and especially if it is to grow from a little busine.ss to a big one. The avail- 
ability of comf>etent outside counsel .solves this j)roblem. He has all the knowl- 
edge and training that the expert permanently hired by the big company has, and 
at the same time it is necessary to pay for his services only when they are being 
actually used. He is available almost always on call, and when he is employed 
regularly he .soon obtains a familiarity with the particular problems of the com- 
pany in question that is almost as great as that of the expert who is constantly 
on the jol) with the company. The value of continued industrial consulting serv- 
ice cannot be overemphasized. 
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The Knowledge of Any One Man Is Limited. 

As we look further, however, we see that the causes for this ever-increasing 
demand are far more fundamental and basic than the economy of a few dollars 
for the smaller concerns. “Ninety per cent of the progress of the world has 
been made in the last fifty years/’ said a well-informed man recently. And yet 
it would have been a rash man 30 years ago who would have claimed more than 
a very small part of all the knowledge that it was possiI)le to possess. Even such 
a man as Herbert Spencer, whose grasp of many fields of science was perfectly 
astounding, whose natural intellect was prodigious, and whose training was 
unique in its breadth and depth, knew only a small part of all that there was to 
be known. No really great man has ever been heard to wish for new intellectual 
worlds to conquer as Alexander sighed for more kingdoms to bring under his 
sway. 

If 90 per cent of the })rogress of the world in general has been made in the 
last 30 years, much more than 90 per cent of the progress in the business and 
industrial world has been made in that time, for business and industry have been 
the ones to profit most directly by . the remarkable discoveries and inventions that 
have taken place in the material world. Electric motors, for example, have 
directly benefited the jmblic, as electric fans, washing-machines, etc., have all done 
much to make life more livable, especially for the mother in the home, but they 
have helped the public far more through the indirect means of promoting indus- 
try. The telephone has facilitated social intercourse, but it has almost revolution- 
ized in some respects modern commercial organization. 

Pr()(;ki:.ss Depends <»n Comuininc; 1 ntkllj<;ence. 

If the business and the industrial world is considered from the economic 
point of view, the changes that have taken place have been even more rtinark- 
able, though we know that in large measure they are tied up with, and dependent 
on, the scientific development that has at bottom made them possible. 'I he 
modern corporation .^0 \cars ago was still in its infancy for the partnership, or 
personal way of doing business still sufficed for most of the needs of the day. 
Today, incorporation has fostered the growth of business to such a j)oint that 
companies are sometimes" top heavy, and in many cases their complexity is far 
beyond the ken of any one man. 

This simply means that the intelligence and training of more than one man 
must be drawn on for the adequate direction of such large organizations as we 
now see in the industrial and commercial world. The day of the “one man** 
company has gone by, and the day of the combination of intelligence has come in. 
The mo.st successful general manager is the one who fully realizes this and who 
does not try to do everything himself. If every detail mu.st go through his hands 
for decision, action is very slow in taking place. His success lies rather in his 
ability to pick and choo.se the men who can do the things that he wants done, and 
who can supplement his lack of knowledge in fields where his training and expe- 
rience have been incomplete. More and more it is being recognized that real 
greatness and true leadership lies in a keen appreciation of moral and intellectual 
values, and action based on such understanding rather than in the accumulation 
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of a mass of facts covering many fields and the possession of the blotting-paper 
type of mind that will permit the retention of such a conglomeration. 

The “Doers'* and the “Thinkers.** 

People may be divided into the ‘^doers'* and the “thinkers.** This does not 
mean that the thinker never does anything or that the doers never think. Such 
an assumption is not at all warranted and is not im])lied. What is meant is, that 
some people are primarily occupied with the how and why of things — they are 
the thinkers, and the others with the when and where — the doers. That is, one 
group of people is occupied with getting things accomplished and the other group 
is taken up with the manner in which the accomplishment is brought about. Most 
of the peo])le in any business organization are of the “doer” class, for the busi- 
ness world exists primarily for the accomplishment of tasks. The making and 
marketing of goods, with all that this involves, is the principal object of the 
business world. 

I'he fact, however, that getting things done is the principal occupation of 
business does not mean at all that the other class of men have no place in the 
realm of industry but must be relegated to some classification of non-producers, 
or considered as purely ornamental. ( ietting things done, doing the same things 
over an<l over again, getting out jiroduction. is more or less of a tread-mill 
process when looked at frfun one j)oint of view. By that it is meant that, just 
as in the tread-mill a certain amount of power which may be easily measured is 
delivered each day. and in that sense very definite results are accomplished, never- 
theless the tread-mill stays fixed in one place and does not either move in posi- 
tion or increase in its ability to produce power. So in the case of the men who 
are the ones that make the daily output of the company, the ones who carry on 
the routine duties or who are occupied in directing them, what they accomplish 
while easily measured and definite in its benefits, yet nevertheless is not a means 
for the development of the company. 

It is perfectly natural that this should be so and this statement is not in- 
tended in any way as a slight on the value of the work of the man who makes 
the wheels go round day after day. rinse men have their time and energy taken 
up in the immeiliate task of getting definite and tangible results, and they have 
neither the time nor the strength to allow them to think up new and improved 
ways of doing their work, to better produce, or discover the means to obtain 
increased gains or avoid losses. 

Accomplishment Depends on the “Doers.” Progress on the “Thinkers.” 

Nevertheless, if the company is not going to stagnate — and that signifies 
going backward if it does not go ahead— the means for making this progress must 
be found. Some companies, as has already been noted, keep their own staff of 
experts. They have a lawyer who devotes his entire time to their interests, they 
have their own auditors and accountants, as do the railroads, and now many 
large corporations have their own staffs of industrial engineers to improve the 
methods inside their factories. These are the thinkers, the men who must see to 
It their company is always abreast of the crowd, if not ahead of it. Even when 
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a company has its own staff of experts it sometimes finds it advantageous to call 
in the outsiders to help them. 

A public service corporation that maintains its own appraised engineers 
recently engaged a consulting firm of appraisal engineers to make a separate and 
distinct survey of its entire property. This gave them not only a check on the 
work of their own engineers, but it provided them with a statement by which 
they were able to show that the rates for their service were not excessive. 

Outside Counsel Must Be Competent. 

However, outside counsel must be really competent or it is valueless. Poor 
advice is worse than none at all. The word “competent” has a very definite 
meaning. A man who is competent to do a certain thing is one who is fitted and 
prepared for the work which he undertakes to accomplish. He must be adequate 
and sufficient for the tasks that he takes upon himself. He should be capable of 
handling his duties in such a way as to accomplish them successfully, and he 
ought to be qualified to meet the problems that come his way. Too much em- 
phasis cannot be laid on the necessity of the counsellor being thoroughly compe- 
tent, for much of the opprobrium that is now attached to consulting service in 
some quarters is due to the fact that some consultants have been in no way 
fitted for their tasks. The man who is not properly qualified and equipped to 
render the service that he offers in a satisfactory manner which will lead to 
beneficial results for his client, is a menace both to those whom he professes to 
serve and to the profession of which he claims to be a member. None will lie 
quicker to condemn the incompetent consultant than members of his profession 
who are adequately prepared for their tasks. Such an experience as the fol- 
lowing will not overtake a man who is really competent. 

Counsel Th.^t Was Not Competent. 

The general manager of a large company, who is modern and progressive in 
his approach to the problems that come to him for solution, was not satisfied 
with the results that he was getting from his boilers. He had studied the matter 
somewhat himself and had had the chief engineer investigate the question, but 
still he felt that the greatest efficiency had not been obtained from the power 
plant. He sought the assistance of an expert in power plant construction and 
operation. 

The expert came, and gravely and seriously studied the problem that was pre- 
sented to him. He spent hours observing the methods of stoking, and made 
elaborate records of coal consumption and power output. He investigated the 
coal and he examined the stack. He then retired to an office and made com- 
plicated calculations, and at last made a report embodying certain recommen- 
dations. 

“The trouble with your power plant,” said he to the president, “is that it 
needs superheaters for the steam. With the installation of superheaters of the 
proper sort you will increase the efficiency of your power plant 30 per cent.” 

*‘Uh-huh,” said the president, as a sad, wan smile played around his lips, 
*"so youVe been working here for three weeks around our power plant and you 
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have not discovered yet that we have had superheaters of the type you describe 
for over a year and a half/’ 

The expert packed up his report and departed, a very much discomforted 
man. We do not know whether or not he learned his lesson that it is not a wise 
thing to try to rely on a bluff to carry him where he should have relied on careful 
study and thorough training, but we do know that if the president had not been 
a very wdse man, as well as a very energetic executive, it would have been the 
last time that he ever w'ould have called for the assistance of an expert. 

W’lIAT CoMI»ETKNC V I)Ef*KNI)S ( )N. 

Individual competency in any line of work depends on individual ability de- 
veloped by training and experience. In no other way can the capacity for suc- 
cessfully accomplishing one’s tasks be attained. Natural ability dei)ends on the 
physical, mental, moral qualities that go to make u]) a man’s character. 

Robust physical health and a .strong jdiysique that will enable a man to 
endure hard w'ork, hardship, mental .strain, long-drawn-out periods of close 
application to confining tasks is a great asset for any kind of work. It does not 
mean that because a man does not have thc.se things that he will not be able to 
succeed in the tasks that he has stl before him.self, but it does mean that he 
will win out under a handicap. Sometimes manual dexterity is also important. 
'J'he time-study man must be able not only to handle a stop watch with ease, but 
he must have the ability to handle tools with s})eed and effectiveness that he may 
be able to give the man he is teaching a practical demonstration of what is to be 
done and the way to d(J it. 


1 NTELI.ECT. 

1 he competent counsellor in jiarticular must have a good intellect, for he is 
primarily sought for what he knows anil for his ability to get this information 
across to the other man. Hence, he must be quick to grasp the problems that 
come his way. He should be able to analyze them, and to select the es.sential and 
eliminate the non-essential. He ought to be al)lc to discriminate between the 
good and the bad. the correct and the incorrect. \\ hat he lias found and wishes 
to retain he should be able to record in a u.seful and usable form. Much of the 
]>rogress of which this world is capable is not realized becau.se the man w’ho 
first linds some new way of doing something, who gets a new' iilea, who develops 
some unusual invention, does not record what he has foun<l, discovered, or de- 
veloped. 

Moral C aliber. 

Jm|K)rtant as intellectual ability is, it is not so important as the moral stature 
of the mati. 'Frue it is. in any occupation moral qualities, using that term in 
the largest sense, are desirable, and in varying degrees essential. In an expert 
consultant, however, they are the \ery basis of all that he does, for without them 
his ability to acconqilish his task is gone. They are the very basis of confidence 
in his work and advice, and if that confidence is lost or destroyed his opportu- 
nity for service to clients is past. Integrity, truthfulness, patience, persistence, 
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energy, sympathy, are a few only of the qualities that competent counsel must 
be possessed of, if he hopes to attain success. The moral qualities in the more 
limited sense of the word, such as honor, integrity, fair-dealing, veracity, a sense 
of responsibility are the very foundation stones on which he builds, and without 
them there is no foundation that will sustain an enduring structure. More and 
more are the men who offer their service in a consulting capacity coming to realize 
this, and as time goes on the standards that they are setting for their profes- 
sional ethics are being raised uninterruptedly. 

Trainin('.. 

Inherent natural ability remains j)otential and does not become available for 
real service till it has been trained. The consultant needs the best of training, 
and he is fortunate if he can begin at the bottom and build upward consistently. 
The instruction that a man receives in the pre])aratory school, the college, uni- 
versity and technical school furnishes him with the tools that he is going to want 
and gives elementary practice in how to use them. Inhere are many men that 
do not have these advantages and are obliged to get their training in other ways, 
often while they are getting their experience. W hile this means a lot of hard 
work for them, they are not altogether to \)€ pitied, for they have the op[H)rtu- 
nity to derive great advantages therefrom. They are far better able to coordi- 
nate the practical and the theoretical than their brothers who have been blessed 
— or cursed — by being members of families that could afford them all the educa- 
tional advantages. 

J^XniiRIENCE. 

W ell-trained natural ability is not enough, however, to equij) a man to be a 
counsellor. He mu.st have had experience, or he will lack the power to make 
his trained intelligence of use. The so-called *‘j)racticar* men are very often 
inclined to make fun of the theoretically-trained men, and say that he is useless 
when it comes to the test of actual performance. Some of this feeling is undoubt- 
edly justified, but some of it is probably (hie to a touch of jealousy which they 
feel that they, too, have not had these advantages. The theoretical man is fre- 
quently inclined to look down on the man who has learned most of what be 
knows by actually doing it, .sometimes taking an attitude that can easily be con- 
sidered snobbish, and forgetting that the practical man puts into effect the the- 
oretical man’s knowledge. The real fact of the matter is tliat there is no good 
reason for either attitude, for theory and practice should go hand in hand. i>e- 
fore a man can wisely and successfully advise others he must have had both 
thorough training and wide practical experience, involving the actual doing of the 
things about which he is consulting. 

SrECI.VLIZATION AND Q^)KDI N.XTlON . 

As was stated in a previous paragraph, it is impossible for any one man to 
know all that there is to know about all the different matters that affect business. 
Each consultant, while he should have a good general idea of the principles that 
guide the affairs of the business world, should also be a .specialist in some one 
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particular part of the field. To make the best use of the wisdom of the coun- 
sellor it is desirable that the counsellors shall be coordinated and organized. This 
is the reason why the organizations of consultants that have grown up in the 
past few years have been so successful. They have taken the specialized knowl- 
edge of each member and united it to that of each and ev’ery other member. In 
this way they have provided support for every man in the organization, for he 
knows that his own lack of information when he gets outside his own particular 
field will be supplemented by the specialized knowledge of his colleagues. 

1 he service that can be rendered to a client by such an organization is much 
greater than could be ])erformed by each of the specialists working separately, 
for the efficiency of the service rendered is greatly increased. It is not necessary 
to go to several experts for desired advice, for all are grouped in one organiza- 
tion. All the records of the consultation f)rovided will be kept in the main office 
of the consulting organization, and will be there available at any time for refer- 
ence. No client need fear that valuable information will be disclosed, for it 
would be the height of professional indiscretion for a firm to give away its clients’ 
secrets. At the same time the information of general interest that might be ob- 
tained by a consultant while woiking for a client would be put in a place where 
it would be at hand for the use of the other consultants, and not be lost because 
it is buried in the archives of a single concern. This makes the experience of 
one client available for the good of all, and each client can benefit from the 
accumulation of past experience made in this way. 

( )k<;.\nizi:i) C o.Nsri.T.WTs. 

.\n organization of consultants is able to offer a client better service because 
it i.s able t(» maintain a rc.search department which is constantly studying the dif- 
ficult problems that come up and hence is ready to furnish any of the consultants 
iiuormation that they may need and have not had the opj)ortiinity of obtaining. 

J his rc.search department keeps in touch with all the latest books and periodicals, 
tind thnnigh them it obtains the most up-to-date information that is published 
in regard to matters that ma\ be germane to the work of any of the consultants. 
It also reviews the work of all of the expert> to discover those things that they 
may have done which are original and whicli hold, the possibility of being of value 
to the other members of the organization. 

Till*: Psvciioi.ocae \L Apv.a.ntac.es of ( )l tsidk Coi nskl. 

'J'he reasons why it is desirable to call in outside coun.scl are based on fun- 
damentally .sound p.sychological foundations. In the first place, the outside coun- 
sel brings to the problems that are confronting his clients an unbiased and un- 
prejudiced viewpoint, lie is not confused by having worked, with those prob- 
lems always before him, till he is unable to obtain any but a distorted view of 
them. It is jiot intended by this to disparage in any way the attitude of the men 
who are daily doing the routine work. Prejudices are perfectly natural thiiigs 
to have. Habits are ea.sy to acquire and are hard to lose. Habits — and preju- 
dices are nothing more than likes and dislikes which are founded on certain 
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habits of thought — are one of the chief reasons why the man who does routine 
work can do it so expeditiously and well. 

The very element of fixity in habit — that is, one of its virtues when work is 
looked at from the point of view of accomplishment of regular tasks — is a 
hindrance when it comes to the point of making changes and improvements. 
When betterments are to be made we need the kind of man who is always look- 
ing for something new, who has the quality of imagination, who is able to see 
beyond the present and behold in the future the accomplishment of that which 
he has conceived. The kind of man who is needed is the one who likes to go out 
into the unexplored regions of the earth, who likes to delve into the mysteries 
that science always holds before the investigator. 

Keenness of Observation. 

We all know that old expression which says that a new broom sweeps clean, 
especially as applied to the work of a new comer. This is perfectly true, for not 
only does an outsider come to the problem to be solved without the prejudices of 
long association with it, but he brings with him the freshness of viewpoint that 
is .sensitive to all impressions. Wdien we live along with a certain set of sur- 
roundings we become so accustomed to them that we are not aware of the details 
of which they are composed. It is the things that we come most in contact with 
that wc observe the least. If you see a man look at his watch and then 30 sec- 
onds afterwards ask him what time it is, he is almost sure to look at his watch 
once more before he replies. Ask the same man to draw a rough sketch of Ins 
watch without looking at it, and when he has finished let the sketch be comi)ared 
with the face of the watch and almost invariably there will be differences in 
essential details. 

The same thing holds true in the business world. A particular method of 
filing may be out of date and difficult of operation, but it will still be used because 
no one in the organization has happened to sec that it is obsolete. Steam pipes 
in the factory may be left exposed in places wliere the radiation is great and 
where the need for warmth is nil, and yet, becau.se they have always been that 
way the master mechanic will pass them by unnoticed, though he would be the 
first to remark a similar condition in another factory that he might vi.sit. 

These are ju.st two minor illustrations of a .sort of thing that often happens 
with much larger matters. How often does it happen that a company allows its 
accounts receivable to run along month after month in such a way as to entail 
heavy drain on the profits, even if it does not wijK; them out entirely, simply 
becau.se they have become accu.stomed to it. P'roquently a concern limps along 
with an imperfect organization or even none at all, and blames its lack of con- 
trol of production, its failure to live up to ])romi.ses of shipments, its meager 
profits, it.s trouble with its employees on the head of some one or few individuals 
when really the entire difficulty is due to the fact that the work is not so organ- 
ized that even the best group of individuals in the world could accompli.sh it 
successfully. 
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Freshness of Viewpoint. 

riie outside counsel who comes in with the fresh, new point of view will be 
the first to see just these things. They will strike him vividly and at once, for 
even if he is familiar with the same kind of thing in other places, the surround- 
ings will be so different that it will lose none of the freshness of newness as far 
as he is concerned. 

The man from the outside will be able to get an entirely different view’ of 
the company and its problems than will anybody inside. He will have what is 
known as a j)erspective of the whole business, and perspective is one of the things 
that is most needed. If you ever saw a photograph of a twig taken at very 
close range and with nothing else near at hand with which you could compare 
the size, you probably had difficulty at first in telling whether it was really a twig 
or a branch. In other w'ords, there was no jKjrspective and means of compari- 
son — the view was, in a way. distorted, for it did not give you a correct impres- 
sion of what was actually represented. 

'J he same thing is true in business, for the man who is constantly on the job 
at all times is frequently like the man who was so near the woods that he could 
only see the individual trees and could get no conception of the real size of the 
forest. In other words, he cannot grasp the whole of what he is looking at, for 
he is so close to it that he can see only the details. 

Perspective. 

'fhe consulting engineer is in a position to get just these lacking perspectives 
or reviews. I'Vom his ex[)erience with many outside concerns he is able to cor- 
rectly evaluate the status of the company that he is counselling. He can place 
it in its correct relation to the other business concerns in its class. The same 
thing i> true in regard to what he finds inside the company, for it sometimes 
happens that matters which seem of small consequence because they have become 
habitual, w hen seen in their pro[)er light and com])aretl with similar conditions in 
Ollier places, will be found to have an importance far beyond what was realized. 
For instance, overdue accounts receivable may be quite steady in the ratio that 
they bear to the total accounts receivable, and yet be far too high when compared 
with the .same percentage among other concerns. The value of raw’ stores car- 
ried may not seem excessive to the managers till they find out that their com- 
petitors are doing business with much less of their capital tied up in this manner. 
A discoverv of this kind can rarely be made by a man who is familiar w'ith one 
company only. 

It is obvious that the outside counsel will not know all the ins and outs of 
the particular concern he is calleil upon to aitl. W hen a manager says that his 
business is different from every other business he is right to a certain extent. 
It is perfectly true that no other company has to meet exactly the same problems 
in the .same form. Differences in location, differences in markets serv’ed, dif- 
ferences in the per.sonalities that are at the head of them, and many other dif- 
ferences, all conspire to make the particular problems before any company just 
a little different from tho.se of any other company. This fact has often served 
to deter the employment of outside counsel when really this fact should be one 
of the stronge.st reasons for calling on him for advice. 
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Breadth of Experience. 

The outside counsel brings with him the broad experience with many dif- 
ferent concerns, some in the same line of business and some in other.s. He 
brings breadth and a knowledge of general principles and policies, experience 
with varying conditions and men that gives him more than the usual balance and 
poise and enables him to aid most effectively the men in the company who already 
have the details of the company’s business at their finger-tips. What the general 
manager wants when he calls for outside counsel is not the acquaintance with 
detail that he naturally expects of those who are handling the routine work day 
by day, but the largeness of viewpoint which comes from handling many dif- 
ferent projects. Hence the expert’s lack of familiarity with details is an asset 
to the outside counsellor, for it enables him to retain his perspective, keep out of 
the ruts, and exert the influence of his prestige that comes with many successfully 
accomplished tasks. ♦ ♦ ♦ 

[R. S. N.] 


Oils for Power Plants.* 


By C. B. Whitman. t 

Take a wine glass, dip your finger in water and as you nil) it over the edge 
of the glass notice that the friction is pronounced ; now wipe the finger dry and dip 
it in glycerin and again rub the glass — the friction is about the same. Dip the 
finger in lubricating oil and rub the glass. You find that the friction is almost 
impercei)tible, which demonstrates that while glycerin has a viscosity far greater 
than the oil its lubricating quality is lacking, because the surface tension of either 
water or glycerin is not strong enough to form a substantial film, even under very 
light loads, for they are both lacking in capillarity and in molecular attraction. 
For this reason many very viscous liquids fail to form a good lubricating film. 

This also demonstrates that to be a good lubricant a liquid must have nearly 
as great a surface tension as a solid, also that its lubricating value depends on the 
thickness of the layer it fonns when spread over the surface and the resistance it 
offers to the efforts of the load to expel it from between the solid surfaces. 

Little is known about the properties of liquid films other than that which is 
obtained from the frictional data. The static friction of solid surfaces when lu- 
bricated with lard oil and sperm oil j>rove that the lard oil gives the lowest co- 
efficient and therefore must form the thickest film. Experience teaches that when 
the superfluous oil has drained away the combined capillary and molecular at- 
traction comes to the aid of the viscosity and increases the tensile strength which 
tends to prevent rupture. 

^Froni a paper read at Buffalo, N. Y. Pub. in ** Power, July 6, 1920. 
f Chief lubricating engineer, Sinclair Refining Co., New York Divi.sion. 
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Molecular and capillary attraction are possessed to a greater extent by mineral 
oils when properly refined, than by either animal or vegetable oils, but mineral 
oils are deficient in oiliness and will not keep the static friction as low as do 
animal or vegetable oils. 

At speeds of 50C) or more per min., under normal loads, and with bath lu- 
brication, lard oil will sustain a film of only 0.003 in. thick, whereas a pure mineral 
oil of the proi)er viscosity will sustain a film of about 0.007 in. thick, which proves 
that for all ordinary machine bearings running under normal conditions, a min- 
eral oil of the proper viscosity is a better lubricant by two-fifths than one of the 
best-known fixed oils. This has led to the blending and compounding of mineral 
oils. Rlended oils are a mixture of mineral oil and fixed oils in proportions that 
will thoroughly neutralize; compounded oils are a mixture of mineral oil with 
metallic soaps of different kinds for the purpose of increasing the viscosity; ex- 
periment alone can tell as to the value of the mixture ; often they are more detri- 
mental than beneficial from a lubricating point of view. 

As lu])rication is of value only as its ability to reduce friction, we must con- 
sider the circumstances that influence friction, ('ohesion is aggravated rather 
than diminished by efforts to produce smooth surfaces, for the more perfect the 
surface the greater will be the ])oints of contact. At minute distances molecular 
attraction increases, which causes the surfaces to adhere and resist motion. For 
example, pieces of marble with polished surfaces will adhere when pressed together 
and their cohesion is so great that one ]>iece when suspended will sustain the 
weight of the other. Again take two jdeces of lead, scrape them clean and press 
them together in a vise and they will adhere almost as firmly as if they were one. 

Ctf course the i)ressure to accomjdish this is far greater than we get on a 
bearing, and 1 merely use these examples to show that there is cohesion between 
smooth surfaces. In a bearing the increased friction caused by motion gen- 
erates lieai, which increases the tendency of the surfaces to adhere, the area af- 
fected rapidly spreads and the surfaces seize or abrade each other. This happens 
in a “hot box.’' 

'J'he coefficient of friction of motion is the only one of interest from a lubri- 
cating point of view, and it is defined as that value which, when multiplied by the 
pressure normal to the surfaces in e'ontact, gives the measure of the maximum 
frictional resistance to motion. 

The value of viscosity and density of oils depends on the viscosity of the lu- 
bricant, the relative speed of the surfaces, their area and inclination to each other, 
thickness of the lubricating film. \\ hen these conditions are known, the resistance 
to the motion of any given body can be easily calculated. 

To properly lubricate the diflferent bearings found in modern practice, it is 
necessary for the lubricating engineer to know, first, the oiliness or greasiness of 
all lubrica!its. the frictional effects due to the viscosity of the lubricant, effects 
due to the different methods of application, the effects produced by different 
metals working in contact, the effects of temperature on friction and viscosity, and 
the effects due to different speeds under given loads. When the speed of the rub- 
bing surfaces is less than ten feet per minute, the lubricant, instead of being forced 
between the surfaces and keeping them apart, is swept on under pressure, and the 
lubricant depends as much on its oiliness as on the viscosity. 
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Solid lubricants such as mica, graphite and soapstone have great carrying 
power at low speeds, but their value depends as much on the nature of the 
surfaces. Graphite, for instance, gives the best results when used on cast-iron 
surfaces, which are naturally very porous and hold the graphite, but the fric- 
tional loss and wear are great. Solid lubricants mixed with animal fats, greases, 
vaseline or rosin oil are suitable for low speeds and heavy loads, as they give 
a low coefficient and do not waste away rapidly by evaporation nor run off the 
bearings. Greases compounded from animal and vegetable fats, or mineral oils 
emulsified with water soap and alkali enough to neutralize them, are good lu- 
bricants for slow-moving bearings with excessive loads, provided the oils do not 
contain too much water and are not adulterated with foreign substances ; the oil 
should not run down and leave the soap, which is liable to occur in poorly 
made greases. 

Properties of Lubricating Oil for Low Speeds and Heavy I^y\ds. 

In selecting an oil for low speeds and heavy loads, viscosity is the first 
guide, and next is oiliness. At speeds of 100 ft. per min., with proper applica- 
tion, as before stated, the oil forms a fairly thick film, and when the load 
does not exceed 250 lb. per sq. in., the formation of the film and the friction are 
wffiolly due to the viscosity ; but at heavy loads the bearing surfaces are brought 
into contact at a point on one side of the bearing and the lubricant should pos- 
.‘^ess oiliness to a greater degree to prevent seizing. In cases of flat surfaces, 
such as the guide on reciprocating engines, the viscosity is not quite so important 
as the oiliness; at loads of 75 lb. per sq. in. a blended lubricant is best. 

For motors, generators, turbines and the crankcase type of high-speed en- 
gines, best results are had by using a straight mineral oil of the proper viscosity. 
For motors and generators with bath-ring oiling devices best results are obtained 
by using a pure mineral oil of a viscosity of from 120 to 19S ( Saybolt ) accord- 
ing to speed and load. Turbines having either forced or circulating lubrication 
should have a light oil for two reasons : First, because the lighter oils maintain 
their viscosity better at the relative high teirqieratures, and .second, on account 
of the high speeds. It must also be an oil that will not emulsify and one that will 
readily separate from watei:, as there is leakage of steam in most turbines. The 
viscosity should not be less than 98, nor more than 120 at 100 deg. V, 

For steam-cylinder lubrication there are four conditions met with in modern 
practice that form a guide in selecting a proper oil : namely, steam supersaturated, 
saturated, dry, and superheated. For a supersaturated condition the oil shoultl be 
heavily blended with pure tallow to give good results ; for a saturated condition a 
light blend of tallow and blown rape wdll give good results ; for dry steam about 
6 per cent blown rape gives good results, but for superheated steam one must have 
a pure steam-refined mineral oil, otherwise the intense heat w ill burn off the animal 
and vegetable oil, release the acids they contain and pit the cylinder w^alls. 

1\V. E. S.] 
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Electrification of Mills.* 


By Charles Griffith. 

The main advantages of electric drive are not at first apparent. It does not 
appear that the machines can be more advantageously driven by electric motors 
which receive electric energy from an electric generator, which in turn is driven by 
a steam turbine, than by a steam engine direct. 

A decrease in operating expense and an increase yield results from the use 
of ecoiKMTiical direct motor-driven centrifugal pum])s, the electrification of all 
mechanical <1 rives and the decrease in the exhaust steam from the centralized 
j^ower generating e(|uipment. 

W hen the output of a mill is to be increased by equipment of greater capacity, 
it will be found that this can be accomplished at a minimum cost by the coincident 
substitution of electric drive. Also the capacity of the sugar apparatus of a mill 
can be increased by the change over to electric drive. To obtain the maximum 
benefits, however, it is usually necessary to make some slight changes in the sugar 
ajiparatus to balance the capacity of the several stations. The saving in operating 
e.xpense and the increased yield pay for the cost of changing over an existing mill 
in two or three years. 

W hen a new mill is considered, there are additional reasons for adopting elec- 
tric drive. J'he motor-driven machinery costs less, it can be more advantageously 
placed, it is sm.aller and lighter and costs less to install. 

Practical Te.sts. 

J'he new mills in C uba, and those that have been changed over to electric 
drive, have demonstrated the reliability, economy, and superiority of the electric 
drive. 

Rare is the steam-driven mill in which the bagasse is sufficient to evaporate the 
juice, an<l which also gives a fair yield. The consumption of fuel in addition to 
that furnished by the bagasse has been fouiul to be productive of increased profits 
in a well-designed steam-driven mill. This fuel is required to evaporate the macer- 
ation water. The economical proportion of maceration water, and hence the addi- 
tional fuel, is dependent upon the market price of sugar and the cost of the coal or 
wood used. 

On the other hand, in a well-designed electrically-driven mill, the bagasse is 
more than sufficient to evaporate the normal juice aiid the maximum eflfective de- 
gree of maceration water can be applied, which results in a high yield. The 
bagasse becomes sutheient, due to the reduction of the total power required, the 


* Farts About 8ugnr, July 17, 1920. A ropriiit with slight conJonsatii ns of an orig- 
inal contribution to the South Afriran Sugar Journal for April, 1920. 
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decrease in the amount of steam required per horse power of work, the smaller 
radiation and leakage losses, and the increased efficiency of the heating, evapor- 
ating and cooking apparatus. 

It has been demonstrated that power can be generated from a large steam 
turbine and transformed through an electric generator, transmitted to motors, 
and transformed to mechanical work at the driven machine more efficiently than 
by a large number of small steam engines and steam pumps. 

The adoption of the electric motor permitting the use of high speed cen- 
trifugal pumps tends toward a smaller amount of power required for pum[)ing. 

Saving in Steam Requirements. 

The amount of steam required to produce the same amount of useful work 
is materially reduced, mainly by the generation of power from a large steam 
turbine instead of in a large number of small steam cylinders. The amount of 
steam required per horse power in a steam cylinder oj)erating by throttle con- 
trol or non-expansively between the limits of pressure common in sugar mills 
will range from 75 to 100 pounds, whereas the amount required by a Curtis steam 
turbine operating expansively between the same pressures will be half of the 
lower figure. This amount can be further reduced by higher steam pressures and 
super heat to which the steam turbine is eminently suited, but which is detrimental 
to the operation of the steam engine. 

A detailed study of a mill producing 179 tons of sugar per day <lisclo.ses the 
fact that electrification would remove 7500 square feet of high and low |>ressure 
piping serving steam pumps and engines. Conserv^ative estimates of the radiation 
losses showed that the lo.ss of heat from this cause alone accounted for 20 ])er 
cent of the fuel bill. 

The labor item in a mill constitutes the greatest proportion of the manufac- 
turing cost. In normal times it ranged from 4 to 10 ])er cent of the total co<t of 
the sugar, depending upon the country. The great increase in wages during tlie 
last few years makes the reduction of the manufacturing force very <lesiral)le. 

The reduction in the number of attendants by electrification is apparent. A 
detailed study w'as made in a steam-driven mill of the number of operators and 
repair men which would be affected by a change over to electric drive, .\ftrr 
computing the wages paid chargeable to the .steam engines and pumps and deter- 
mining the attendants known to be required with electric motor drive, it was 
found that the electrically-driven plant would reduce the manufacturing and main- 
tenance labor f‘8 per day. This mill was producing 1,1(X^ bags of sugar, of 325 
lbs. each, per day. This results in a reduction of a shilling per ton of sugar. The 
force would be reduced by 26 men. This reduction also effects a reduction in the 
clerical force in the general office. 

Reduction of Supplies. 

The reduction of the supplies in a mill by electrification is a very strong argu- 
ment in favor of the adoption of electric motor drive. Lubricating oil and j)ump 
and engine piston packings are big items of expense. I'he electric motor and 
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centrifugal pump consisting of only revolving elements mounted in oil ring type 
bearings require a very small amount of oil. 

The pump packings surrounding the rotating shafts last a long time. The 
steam turbines and generators in the power house have similar oiling systems 
and likewise require very little oil. 

In the steam-driven mill the lubricating oil runs from the bearings or is 
carried off by the exhaust steam and becomes a source of trouble, either by 
collecting on the engine, pump or floor, or being carried into the steam heating 
coils and calandria. In an electrically-driven mill, however, the oil returns to 
the oil wells of the pump and motor bearings, and is again carried up on to the 
shafts and thus used over and over again. Xo oil is used inside the turbine, so 
that the exhaust steam is entirely free from oil. 

The oil, grease, packing, waste, pipe coverings, soda, re-agents and replace- 
ment of worn-out parts in a steam-driven mill average 2s. 4d. (56.77 cents) per 
t(jn of sugar. ( )f this amount a saving of at least one-third is effected by electric 
drive. 


C\».\Ti.\i*iTv OF Service. 

C ontinuity of .service in a sugar mill is of the utmost importance as affecting 
manufacture. It is customary to operate the mill to the utmost capacity during 
the iiar\esiing of the crop. .\ny shutdown period reduces the amount of cane 
ground, and as the labor e.\j)enses and fixed charges go on, the cost of manufac- 
ture is thereby increa.sed. Klectric drive has won the reputation of being the 
most reliable means of power application. 

There are many cases of continuous ojieration of electric motors for periods 
of several years without a >hutdown due to the electric system. The majority 
of imerru])lions in a cane sugar mill are from slipping of the rolls and repairs 
neces,<ary to the steam engines and steam pumps. 

I’jigines fre(|uently sto]) on dead center or at the end of the stroke, and time 
is consumed in gelling started after repairs or adjustments have been made. The 
shutdown jieriods of mills from slipping can be practically eliminated by electric 
motor drive through the indications of the power meters of the individual 
motors. liV a readjustment of the relative speeds of adjacent sets of rolls, the 
rolls can be made to take their jiroper division of the load, and slipping is pre- 
vented. 


CiiK.ArER W ater SrrrLV. 

A supply of pure fresh water is required at all mills. This water is usually 
obtained from a nearby stream or well, and must be pumi)ed to the mill. The 
distance from the mill makes it necessary with a steam-driven mill to j)rovide 
a boiler plant with the necessary attendant. The .small size j)ower plant, and the 
constant services of an attendant bring the unit cost 6 { water delivered to the 
mill to a high figure. The unit cost of water at an electrically-driven mill, on 
the other hand, is low owing to the decreased costs of pumping. Xo boiler 
plant is required at the pumping station, as the electric power can be transmitted 
over a transmission line from the mill. 
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The electric drive of repair shops is attended with similar economies. While 
machine shops are commonly located in the mill building, carpenter shops are 
usually in a separate building and have their own boiler plants. The saving in 
fuel and labor is difficult of determination, as they are run so irregularly. 

The fuel consumed by the machine shop will be less with electric than with 
steam drive, due to the higher efficiency of the higher power united in the main 
power house. It may be assumed that the carpenter shop operates from waste 
wood, but a fireman is necessary for the boiler. 

In Repair Shops. 

The electric drive is particularly of advantage in repair shops where the 
operating periods are irregular. The tools can be started up at any time without 
waiting for steam or for an engine to warm up. Where the tools are individu- 
ally motor-driven, power and hence fuel are consumed only while they are in 
operation. Tools can be located at points most convenient for their use. 

In stating the benefits of electric drive an attempt has been made to place a 
money value on the savings. This is possible of quite accurate determination 
in the case of fuel, labor, supplies, and repairs. But for increased yield, shut- 
downs, and pumping of supply water, certain assumptions must be made. For 
other items, such as repair shops, transport and administration, local conditions 
vary so widely that it is not feasible to evaluate the expense or savings. These 
must be determined from a study of the individual mi.ll. 

The savings from the definitely determined items are so great that the de- 
cision to electrify can be made on these alone. Moreover, these figures have been 
taken from data collected on a conservative and impartial basis. Details have 
been given as far as is possible in so brief an article, so that a mill owner can 
compute the figures applying to his own mill. 

Figures from Cuban Practice. 

Below is a table summarizing the various items on a basis of the average 
Cuban mill producing 102 tons of sugar per day, or a total of \?,900 tons in a 
crop of 1.S6 days. The aggregate savings are considerable and will pay for the 
cost of changing over an existing mill in a very .short time. If only the interest 
on the added investment is considered, the net saving per year increases the net 
profits by a large amount. The market value of a mill is increased by a greater 
amount than the cost of the improvements. (Note . — In rejirinting the table the 
figures given by Mr. Griffith have been converted from British to United States 
values. — Ed., ‘‘Facts About Sugar.” 
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Water 8uj>j)ly and miscellaneous 


Increased yield (maceration) 


2,311 


1 steam 

1 

Electric 

, Saving 

Fuel (additional to bagasse) 

! $12,093 

$ 

$12,093 

Labor (manufacturing) 

43,526 

40,046 

3,480 

Supplies 

9,022 

5,961 

3,061 

Repairs 

• 27,569 

26,118 

1,451 

Shutdowns (labor) 

' 598 


598 


2,311 


$22,994 

32,240 


Total reduction per year . , 
Reduced fost per ton suj^ar 


$55,234 


$3.41 


[R. S. N.l 
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Losses Caused by Delay in Harvesting Burned Cane* 


Ewa I^lantation, Field 3A, 1920 Crop. H 109, 1st Ratoons, Lox(;. 

By J. A. Verket. 

DESCRIPTIOS OF EXPERIMENT, 

'rhe primary object of this experiment was to determine the losses which 
take ])lace when handling cane from large accidental or incendiary fires. In 
some of these large fires, it sometimes takes from ten days to two weeks before 
all the burned cane is harvested. It was desired to learn not only the total loss 
in sugar. i)ut also to find out the loss in weight of cane. 

For tliis ])urpose a level, uniform section of slightly over three acres was 
selected at Fwa plantation, in Field 3A. The cane was H 109, first ratoons^ 
long. The field hail been recently irrigated, and the soil was still moist when the 
experiment was started. Xo rain fell during the period of the experiment. 

The area selected consisted of four water courses, each containing 144 full 
lines and a few hapas. ( See map giving the layout, page 242. ) 

1'he cane in the third and fourth water courses, blocks 2 and 3, was burned 
standing. The second water course was used as a fire break, while the cane in 
the first was nnburned to .serve as a check, indicating whether any changes were 
taking ])lacc in the quality of the juices not caused by burning. 

Burned blocks 2 and 3 were divided into 4tS plots each. The plots were 
numbered from 1 to 4S, and divided into four series, A. R, C and D, of 12 plots 
each. The A plots were harvested immediately after burning, the B plots 5 days, 
the C plots 10 days, and the 1) plots 15 days after. Whenever burned cane was 
harvested, corresponding areas of unburned cane from block 1 (first water 
cour.se) were also harvested. 

After the field was harvested all j)lots were surveyed, and the actual area 
of each determined. 

Blocks 2 and 3 were burned between 4 and 0 a. m., July 26, 1920. All the 
cane in block 3 was then immediately cut and allowed to lie on the ground until 
harvested. The cane in block 2 was allowed to stand until harvested. 
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On July 26 all the A plots in blocks 2 and 3 were harvested, the cane loaded 
and the juices sampled. It was not possible to finish in one day, so the A plots 
in the unburned block were harvested and sampled on July 27. On July 31 all 
the B plots were harvested. The C plots were harvested on August 5th, and the 
D plots on August 10th. 

DETAILED RESULTS. 

In the following tables are given the weight of cane, the juice analyses, and 
the tons of cane and sugar per acre for each plot: 


BLOCK 1.— rNBURNEl) (’ANE CUT AND WEIGHED AND SAMPLED JULY 27, 1920. 



Weight of 
Cane . 


Juices^ 


Tons 

per Acre 

IMots 

Hrix. 

I*ol. Pur. 

1 

Q.R. 

Cane 

Sugar 


1— A1 017.") 


1 — A1 

.")91hI 

19.2 

1().50 

8.5.9 

8.11 

85.90 

' 10.60 

1~ A1 

.j78;)J 







2 — A1 

02r)(n 







2 — A 1 

o.'mO 1 

19.4 

10.73 

80.2 

7.99 

83.22 

10.41 

2 — A1 

oO.'JoJ 







— A 1 








— A 1 

0280 1 

ls.L» 

1.).74 , 

80.5 

S.49 

S9.S9 

10.58 

- A 1 

048()j 


1 






A vf'r.Mgo . . . 

lH.9 

10.32 i 

S0.3 

S.18 

80.30 

10.50 

BJ.Ot’K 2.— 

CANE BURNED AND CUT JULY 

20; WEKHIED AND SAMPLED 

i 



JULY 20, 1920. 




1 ~ A2 ( 

weight l(»‘<t 1 

1 9.2 

10.72 

S7.1 

7.90 



f) — A2 

4000 

IS.") 

10.09 

S7.0 

S.20 

89.8 

10.87 

9 — A2 

.y;2o 

19,7 

17.32 

S7.9 

7.04 

99. 

12.90 

i;j — A2 

411."> 

19.0 

17.10 

S7.2 

7.77 

79. .3 

10,20 

17 — A2 

40.">0 

19.1 

10.70 

S7,4 

7.94 

89.0 

11. 2S 

21 — A2 

4700 

IS.S 

10.27 

S0.5 

S.18 

90.5 

11.07 

t>r> — A 2 

47)2.") 

19.0 

10. 

S7.3 

7.99 

87.2 

10.91 

*H» — A 2 

474.") 

IS.S 

10.37 

S7.1 

S.ll 

91.4 

11.27 

~ A 2 

4:{20 

IS 9 

1. ")..")! 

S2.0 

S.S4 

8.3.2 

9.41 

;i7 — A 2 

4190 

is.:i 

LYl.") 

82. S 

S.99 

80.7 

8.98 

I 

t 

4277) 

1S.7 

15.77 

s4.:i 

8.53 

79.1 

927 

4r> — A 2 

4040 

1S.2 

15.1S 

83.4 

8.9,3 

89.4 

10.00 


Average. . . 

1S.9 

10.23 

85.9 

S.25 

87-2 

10.57 

* All Jiiicos 

are crusher 

samples. 

A eontinuou.s 

sample 

was taken 

of each 

car as it 


wont through the mill. 
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BLOCK 3.— CANE BTJBNED AND CUT ON JULY 26, 1920; WEIGHED AND 

SAMPLED J[JLY 26. 


1 — A3 

2840 

! 19-8 

17.22 

87.9 

7.69 

103.7 

13.48 

5 — A3 

■ . . . 

; 18.6 1 

16.19 

87.0 

8.20 

. . . 

.... 

9 — A3 

2300 

1 18.6 1 

16.02 

86.1 

i 8.36 

83.9 

10.04 

13 — A3 

2485 

i 1H.8 

16.12 

85.6 

8.32 

»0.7 

10.90 

17 — A3 

2650 

18.6 

16.19 

87.1 

8.20 1 

96.7 1 

1 11.80 

21 — A3 

2260 

! 18.7 1 

16.00 

85.6 

8.38 

82.5 ! 

9.84 

25 — A3 

2790 

I 18.5 i 

15.88 

85.8 ; 

8.42 

76.4 

9.07 

29 — A3 

2255 

18.1 ! 

15.18 

83.9 

8.90 

82.3 1 

1 9.25 

33 — A3 

2440 

19.1 i 

I 16.55 

86.6 

8.04 i 

89.0 

11.08 

37 — A3 

2430 

I 18.1 ' 

' 15.35 

84.8 1 

8.75 1 

88.7 

10.13 

41 — A3 

2435 

18.4 : 

15.64 

85.0 

8.61 

88.9 

10.32 

45 — A3 

2110 

18.1 

15.10 

83.4 

8.98 

77.0 

8.58 


Avera^t'. . . 

18.6 1 

15.95 

85.8 

8.37 

87.25 

10.41 


BLOCK 1.— UNBURNED, CUT, WEIGHED AND SAMPLED JULY 31, 1920. 


Plots 

Weight of 
Cane 

1 

1 


Juices 


Tons 

per Acre 

Brix 

l‘ol. 

j Pur. 

Q. R. 

(’ane 

: Sugar 

1 — B1 

4140 1 

17.9 

’ 15.64 

87.4 

8.49^ 



1 — B1 

4760 ! 

17.6 

15.13 

86.0 

8.84 



1 — B1 

' 0170 1 

18.9 

15.87 

84.0 

8.51 

' 103.17 

12.04 

1 — B1 

7180 1 

1 

18.3 

1 15.81 

86.4 

8.44 

J 



2 — B1 

4750 ; 

193) 

i 16.45 

86.6 

8.10] 



2 — B1 

4505 i 

18.8 

16.53 

87.9 

8.01 



2 — B1 

4220 i 

18.8 

i 16.19 

86.1 , 

8.25 1 

82.73 

10.12 

2 — B1 

4150 1 

18,6 

' 16.04 

86.2 

8.35J 



3 — B1 

3190 1 

18.5 

16.14 

87.2 

8.25' 



3 — B1 

4315 1 

18.3 

1 15.59 

85.2 

8.63 



3 — B1 

4295 i 

18.4 

j 15.95 

86.8 

8.35 

f 92.72 

11.10 

3 — B1 

7000 j 

18.7 

I 16.21 

86.8 

8.21 

1 



1 

Average. . .i 

18.5 

15.96 

86.3 

8.37 

92.88 

11.11 


BLOCK 2.— BURNED AND T.EFT STANDING JULY 26; (’UT, WEIGHED AND 

SAMPLED JULY 31. 


2 — B2 

1 4150 

18.6 1 

15.49 

i 83.3 

' 8.77 

79.9 

9.12 

6 — B2 

1 4460 

17.9 

14.77 

1 83.6 

; 9.19 

85.9 

9.35 

10 — B2 

1 4630 

19.2 : 

15.85 

I 82.5 

j 8.63 ' 

89.2 

10.33 

14 — B2 

3920 

18.6 ; 

15.59 

83.8 

I 8.68 ' 

75.5 

8.70 

18 — B2 

4465 

18.6 1 

15.66 

! 84.2 

; 8.65 

86.0 

9.94 

22 — B2 1 

4025 

18.4 

15.12 

1 82.2 

! 9.06 

73.9 

8.16 

26— B2 

1 5270 

18.5 I 

14.79 

! 80.0 1 

9.40 ' 

89.9 

9.56 

30 — B2 

I 4625 

18.3 • 

14.91 

81.9 

9.21 I 

84.2 

9.14 

34 — B2 

4510 

18.3 i 

15.04 

822 

! 9.12 

81.0 

8.88 

38 — B2 

4870 

18.1 ! 

14.21 

79.1 

9.85 

86.6 

8.79 

42 — B2 1 

3880 

18.6 

14.93 

80.3 ; 

9.28 i 

74.7 

8.05 

46 — B2 j 

1 

4400 

18.3 i 

14.67 

80.2 I 

9.47 i 

70.5 

7.45 

! 

Average. . . 

18.6 j 

15.09 

81.1 i 

1 

9.15 1 

81.45 

8.96 





245 

BliOCK 3.— BURNED AND CUT JULY 26; WEIGHED AND SAMPLED JULY 31, 1920. 


2 — b:\ 


i 20.9 

17.49 

83.7 

7.76 

1 

j 

6 — B3 

.... 

20.6 

17.36 i 

84.2 

7.78 

... 

• • • 

10 B \ 

1730 

19.9 

16.20 1 

81.4 

8.51 

j 63.1 

7.42 

14 — B3 

1930 

19.7 

16.11 1 

81.8 

8.53 

70.4 

8.26 

ih — b:\ 

2160 

19.9 

16.49 

82.9 

8.25 

78.8 

9.55 

22 — Bit 

2290 

20.0 

16.35 

81.8 

8.41 

83.6 

9.94 

26 — B3 

2200 

19.6 

15.82 

80.7 

8.73 

; 80.3 

9.20 

30 — B3 

1740 

20.3 

16.72 

82.3 

8.18 

i 63.5 

; 7.76 

34 — B3 

2110 

20.6 

17.39 

84.4 

7.76 

i 77.0 

9.92 

38 — B3 

2000 

20.4 

17.18 

84.2 

7.88 

73.0 

9.26 

42 — B3 

2000 

20.6 

17.15 

83.3 

7.93 

, 73.0 

9.20 

46 — B3 

2090 

19.5 

15.90 i 

80.1 

8.71 

’ 76.3 

8.76 

1 

Avoraj^e. 

20.2 

16.68 

82.6 

8.18 

73.90 

9.o;» 

BLOCK 

L— CANK 

UNBURNED; CUT AND 

SAMPLED AUGUST 5, 

1920. 

IMots 

Weight of 

1 

( 

Juices 



Tons 

I>er Acre 








(’a lie 

Brix 

Pol. 

Pur. 

Ci. R. 

Cane 

Sugar 

1 --- VI 

5160 

18.1 

15.59 

86.1 

8.58' 



1 -V] 

3970 

IS.l 

15.64 

86.4 

8.54 



^ --C1 

4445 

18.4 

16.14 

87.7 

8.21 

87.39 

10.49 

1 — Cl 

4.S65 

18.8 

16.58 

88.2 

7.98 



2 — (U 

4750 

1 18,9 

16.53 

87.5 

8.04] 



2 — <M 

4050 

18.9 

1670 

88.4 

7.90 



2 — C’l 

4275 

i 19.1 

16.92 

88.6 

7.80 

r 84.13 

10.61 

2— (’1 

425(» 

19.1 

16.96 

88.8 

7.77 



3~< 1 

3215 

17.5 

14.80 

84.6 

91 3] 



3 — (’1 

2625 

; 17.9 

15.43 

86.2 

8.67 



3 — Cl 

662n 

17,7 

15.16 

85.7 

S.S4 

' 93.67 

10.53 

3 — (M 

6555 

1 17,4 

1497 

86.0 

8.95 




Averajye . . 

.j 18.3 

15.95 

87.1 

8.33 

88.40 

10.61 

BLOCK 2.-- 

(‘ANE BCRNET) JULY 26; CUT AND SAMPLED AUGUST 

5, 1920. 

3— ('2 

4240 

18.1 

13.97 

77.2 

10.16 

78.5 

7.73 

7 — C’2 

4310 

18.2 

14.11 

77.5 

10.05 

79.7 

7.93 

11 -~~C’2 

4330 

18.1 

14.11 

77.9 

10.03 

79.7 

7.95 

15— C2 

32S0 

18,4 

14.13 

76.8 

10.09 

63.2 

6.26 

10 — C2 

4020 

17.9 

13.56 

75.8 

10,60 

77.4 

730 

23 — C2 

4200 

19.1 

14.34 

75.1 

10.07 

80.9 

8.03 

27 — C2 

45S0 

18.6 

14.13 

76.0 

10.15 

84.8 

8.36 

31 — C2 

4770 

17.6 

13.12 

74.5 

11.08 

85.7 

7.73 

35 — C2 

4120 

18.1 

12.94 

71.5 

11.52 

79.4 

689 

39 — C2 

4160 

18.1 

13.29 

73.4 

11.04 

80.1 

7.26 

43 — C2 

3740 

18.8 

13.89 

73.9 

10.50 

68.8 

6.56 

47 — C2 

3565 

22.0 

16.32 

74.2 

8.91 

68.7 

7.71 


Averajfo. . 

18.6 

14.00 

# i).3 

10JJ8 

j 77.25 

7.51 
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BLOCK 3.— CANE BUBNED AND COT JULY 26, 1920; LOADED AND SAMPLED 

AUGUST 5 , 1920. 


3 — C3 



Sample 

lost 




7 — C3 

.... 

21.8 

16.72 

76.7 

8.50 

. . . 


11 — C3 

2060 

20.8 

15.77 

75.8 

9.10 

75.2 

8.26 

15 — C3 

1940 

21.2 

15.79 

74.5 

919 

70.8 

7.70 

19 — C3 

2320 

20.7 

15.41 

74.4 

9.43 

84.7 

8.98 

23 — C3 

2350 

21.5 

16.02 

74.5 

9.07 

64.3 

7.09 

27 — C3 

1770 

20.9 

15.99 

76.5 

8.93 

64.6 

7.24 

31 — C3 

1780 

21.3 ! 

15.92 i 

74.7 1 

9.08 

48.7 

5.37 

35 — C3 

1760 

20.7 

15.42 i 

74.5 1 

9.43 

64.2 

6.81 

39 — C3 

1855 

21.0 

15.62 

74.4 ; 

9.30 

67.6 

7.27 

43 — C3 

1780 

20.1 

14.68 i 

73.0 ; 

10.02 

65.0 

6.48 

47 — C3 

1960 

20,6 

15.19 

73.7 1 

9.61 

71.5 

7.44 


Average. . . 

21.0 

15.69 1 

74.7 

9.22 

j 67.66 

7.34 


BLOCK 1.— UNBUKNED CANE; CUT AND SAMl'LKI) AITGUST 10, 1920. 


Plots 

Weight of 
Cane 


Juices 

Q. K. 

Tons per Aero 

Brix 

1 Pol. 

I’ur. 

Cane 

1 Sugar 

i 

1 

4115 

17.7 

15.15 

85.6 

8.84" 



1 — I)l 

4645 

17.4 

15.16 

87.1 

8.77 



1 — 1)1 

3925 

17.8 

15.43 

86.7 

8.64 j 

85.04 

9.83 

1 — Dl 

5090 

‘ 17.9 . 

15.81 

88.3 

8.35J 



2 — 1)1 

4075 

18.0 

15.91 

88.4 

8.281 



2 — 1)1 

4420 

18.4 

1624 

88.2 

8.18 



2 — Dl 

4540 

18,9 

16..53 

87.4 

8.03 1 

85.60 

1(».53 

2 — 1)1 

4425 

18.9 

16.50 

87.3 

8.04J 



3 — Dl 

3745 

18.4 

15.83 

86.0 

8.441 



3 — Dl : 

4540 

18.7 

16.04 

85.8 ' 

8.34 



3 — Dl 1 

4450 

18.0 

15.62 

86.8 

8.53 1 

8:{.72 

9.!H) 

3 — Dl 

4510 

17.6 

15.51 

88.1 

8.52J 




Average < . . 

, 18.1 

1 1 

15.81 

87.4 

8.39 

84.79 

10.13 


BLOCK 2.— CANE BUBNED JULY 26; CUT AND SAMI'LED AUGUST 10, 1920. 


toHfli 

3320 

18.0 

11.18 

65.6 

14.15 

63.9 

4.52 

8 — D2 

4240 

18.3 

12.17 

665 

12.85 

81.7 

6.36 

12 — D2 


18.2 

12.55 

69.0 

12.15 

61.4 

5.05 

16 — D2 

3530 

18.4 

12.65 

68.8 

12.10 

65.0 

5.37 

20 — D2 

4970 

18.1 

11.83 

65.4 

13.40 

91.9 


24 — D2 

3905 

18.3 

11.85 

64.8 

13.90 

75.2 


28 — D2 

4340 

18.1 

12.15 

67.1 

12.80 

77.2 


32 — D2 

3805 

17.4 

1 1.41 

65.6 

13.87 

73.3 

5.2S 

36 — D2 

.HUiO ! 

17.8 

11.29 

63.4 

14.40 

54.5 

3.79 

40 — D2 

3280 

17.7 1 

11.17 

63.2 

14.58 

63.2 

4.33 

44 — D2 

3310 1 

■17.5 

11.20 

64.0 

14.40 

63.S 

4.43 

48 — D2 

2940 ‘ 

1 

18.9 

11.54 

61.1 

14.53 

56.0 

3.90 

1 

Average... 1 

18.1 

11.75 

64.9 

13.57 

68.97 

5.08 





247 


BLOCK 3.— CANE BURNED AND CUT JULY 26; LOADED AND SAMPLED 

AUGUST 10, 1920. 


4 — 1)3 

i 

.... 1 

1 22.5 1 

14.85 1 

66.0 

10.63 i 

• • • 1 

... 

8 — 1)3 

I 2310 ' 

22.8 

15.10 i 

66.2 

10.42 i 

63.2 ; 

6.07 

12 — D3 

; 1680 i 

21.4 

13.90 i 

65.0 ! 

11.48 

61.3 ; 

5.34 

16 — D3 

1700 ! 

22.4 ! 

13.69 . 

61.1 

12.26 

62.1 

5.06 

20 — D3 

2460 

22.6 i 

13.76 

60.8 

12.24 

63.0 

5.14 

24 — 1)3 

1 2480 ' 

2M 1 

13.95 1 

66.1 

11.30 

54.3 

4.81 

28 — D3 

1610 

23.0 

14.52 

63.1 

11.24 

58.8 

5.23 

32 — 1)3 

1930 

21.1 

13.05 

62.0 

; 12.67 

70.4 

5.56 

36 — D3 

1460 

i 

' Sample , 

lost 

1 : 

53.3 

4.59 

40 — 1)3 

' 1860 


1 * * 

t i 

i 

67.9 

5.85 

44 — D3 

2210 

22.1 

; 13.90 

62.9 

11.77 

60.5 

5.14 

48 — 1)3 

171ij 

22.1 

13.42 

60.7 

12.58 

62.6 

4.98 


Average. . . 

22.1 

14.01 

63.4 

11.60 

61.79 

5.33 


NOTE: — In jilots 2, 3, 4, 5, 6 and 7 of blo(*k No. 3, the linoB were not straight, and 
the cane was so tangled that it was not possible to separate the cane aecurately. For 
that reason the cane weights from these }dots were not obtained. 

The results obtained are summarized as follows: 


Treat- 

ment 

1 

1 

! 

I Time* Since 
! Burning 

Yields per 
Acre 

9^ Loss 
in 

Weight 

of 

Cane 

Loss 

in 


Crusher 

Juice 


Cane 

Sugar 

Sugar 

Brix 

Pol. 

Pur. 

Q. B. 

Block 

1 

Unburned 

86.4* 

10.51 



18.9 

16.32 

86.;{ 

8.18 

• 4 

2t 

1 0 day 

87. 2 

10.57 



18.9 


85.9 

8.25 

* ‘ 

3i 

0 day 

87.3 

10.41 



1S.6 

15.95 

85.8 

8.37 

Blo(k 

] 

Unburned 

92.9* 

11.09 



18.5 

15.96 

S6.3 

8.36 

* * 

o 

5tli day 

81.5 

896 

6.57 

15.23 

1S.6 

15.09 

81.1 

9.13 

* ‘ 

3 , 

1 5 til day 

73.9 

8.93 

15.30 

14.22 

20.2 

16.68 

82.6 

8.18 

Block 

1 

Unburned 

88.4* 

10.55 



18.3 

15.95 

87.1 

8.34 

“ 

o 

10th day 

77.3 

7.48 

li.:i9 

2923 

18.6 

14.00 

i t).* ► 

io.:io 

‘ ‘ 


10th ilay 

67.7 

7.26 

22.45 

.30.26 

21.0 

15.69 

74.7 

9.23 

Block 

1 * 

Unburned 

84.S* 

10.09 



18.1 

15.81 

87.1 

8.39 


o 

15th day 

69,0 

5.11 

20.89 

51.66 

18.1 

11.75 

64.9 

13.64 

* ‘ 

3 

15th day 

61.8 

5.33 

29.18 

48.80 

‘^2 1 

14.01 1 

63.4 

11.60 


f Block 2 = Cane burned and allowed to stand until harvested. 

Block 3 = Cane buriuMl and cut at once, and allowed to lie on field until harvested. 
* i)% off for trash. 


In the following two tables are given the per cent, losses in weiglit of cane, 
and of sugar from burned cane for each day during fifteen days. The figures 
between harvesting dates are based on interpolations. The figures actually ob- 
tained are given in heavy type in the tables. 




248 


PER CENT LOSS IN WEIGHT OF CANE AFTER BURNING. 


Davs sin(*e burning 


2 

3 

4 

5 

6 

7 

8 

Left standing 

].31 

2.63 

3.94 

3.26 

6.57 

7.53 

8.50 

9.46 

Gut at once 

3.06 

6.12 

9.18 

32.24 

16.30 

16.73 

18.16 

; 19.59 

Days since burning 

9 

10 

11 



12 

13 

14 

16 


Left standing 

10.43 

11.39 

13.17 

14.95 

16.73 

18.51 

20.29 


Cut at once 

21.02 

22.45 

23.80 

25.14 

26.49 

27.83 

29.18 


PER GENT 

LOSS IN sue 

AR FROM BURNED 

UANE. 



Days since burning 

1 

O 

3 

4 

5 

6 

7 

8 

Left standing 

3.05 

6.09 

9.14 

12.18 

15.23 

18.03 

20.83 

23.63 

Cut at once 

2.84 

5.69 

8.53 

11.38 

14.22 

1 7.43 

20.64 

23.84 

Davs since burning 

9 

10 

11 

12 

13 

14 

15 


Left standing 

26.43 

29.23 

33.72 

38.20 

42.69 

47.17 

51.66 


Cut at. once 

27.05 

30.26 

33.97 

37.68 

41. .38 

45.09 

48.80 



NOTE; — The losses in sugar given for the first ninl secoinl days, l)a8e<l on interpola- 
tions, are unquestionably high. We plan a detailed study of this as opportunity offers. In 
work last year on unburned cane Verret and McAllep founil the loss to be a little less than 
at the end of two days. See table, page 251. 

Djscussidn of Results. 

The experimental error involved in this test is small. \\’e were fortunate in 
obtaining a very uniform area for the experiment. The weather conditions dur- 
ing the test were such that no appreciable changes took place in the cane, as indi- 
cated by the juices of the unbunied cane. 1"hat the area involved was very 
uniform is shown by the fact that the yields obtained the first day from Blocks 
1, 2 and 3 were practically identical. The average yield obtained from the un- 
burned cane harvested during the fifteen days of the test was 88.10 tons of 
cane, and 10.57 tons of sugar per acre, a close check with the yields obtained 
from all the plots the first day. The average juice from the unburned cane for 
the total period was 8.31 quality ratio, as compared with 8.27 quality ratio of all 
the juices from the first day's harve.st. 

•p* t ,■»" , , > . 

t*. ' 

Losses Due to Fire. 

The figures given in the preceding paragraphs also show, in this case, when 
the cane is harvested within a few hours after the fire, that there was no loss due 
to burning; that is, the heat generated by the fire destroyed a quantity of sugar 
so small, if any, that it could not be detected. A few hours’ delay in getting the 
cane to the mill causes a greater loss. 

Losses Due to Delay in Harvesting After Burning. 

The most striking thing about these losses are the losses themselves. They 
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are enormous. The average production of sugar for all the plantations on these 
Islands is about 0.2 ton of sugar per acre per month. The irrigated plantations 
produce about 0.26 ton. In this test the loss in sugar was at the rate of about 
3^/3% a day. Taking an average yield of 5 tons of sugar per acre, the loss 
would be 0.17 ton of sugar j)er acre per day for each day's delay in harvesting. 
In other words, each day’s delay in getting the cane to the mill, after it is burned, 
represents a loss of 25 growing days. 

^\’hen burned cane was allowed to stand, it was found that at the end of 
5 days it had lost 6.57% of its weight, and 15.23% of its sugar, while, if cut 
immediately after burning, and left on the field, the loss in weight of cane at the 
end of 5 days was 15.30/f , and the loss in sugar 14.22^/. At the end of ten days 
the losses were 11.39% of cane and 29.23% of sugar for standing cane, and 
22.45' r of cane and 30.26'/; of sugar for the cut cane. In 15 days these losses 
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were 20.89% cane, and 51.66%’ sugar, and 29.18% of canc% and 48.80%' sugar, 
respectively. 

It is rather striking to find from these results that after the cane was once 
burned it made no appreciable difference in the losses of sugar whether the cane 
was cut or allowed to stand. In either case the losses in sugar were about the 
same. This is shown graphically in the chart on page 249. 

The cut cane lost more in weight of cane, but had a better quality ratio, due 
to a higher Brix. The density of the juice from the cut cane increased from 
18.6 Brix on the 1st day to 22!l on the 1.5th day, while that of the .standing cane 
dropped from 18.9 Brix on the 1st day to 18.1 on the 15th day. "J'he purities of 
the juices dropped at the same rate in both cases. 

It follows from these results that if the cane is once burned, there is aj)par- 
ently nothing to gain by slowing up the cutting, so as not to get ahead of the 
loaders. From the field point of view, it would be an advantage to cut, in that 
there would be less weight of cane to handle to obtain the same amount of sugar. 
As against this it was found in the laboratory that the juices from the cut cane 
were harder to handle.* The solutions for polarization filtered very slowly, and 
would not give clear filtrates. Small samples of juice were clarified to neutrality 
in beakers with lime and boiled. The juices from the standing cane settled in 
ten minutes, while those from the cut cane took thirty minutes to settle. 
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It is of interest to compare these results, obtained from burned cane, when 
working with carload lots under field conditions, with the results obtained by 
McAllep and V^erret last year when working with small bundles of unburned 
cane.* 

Taking the same variety, H 109, we have the following comparisons: 

PER CENT LOSS IN WEIGHT OF CANE. 


Days siiu'c cuttinjj 1 2 3 4 5 6 | 7 S 

Not BurntMl 2.8 4.0 5.9 7.4 9.5 9.9 i 12.1 13.0 

BurncMl 3.06 6.12 9.18 12.24 15.30 16.73 ’ 18.16 19.59 


I'he losses in weight are here found to be much more for the burned cane. 
This is exjdained by the fact that the cells in the burned cane were ruptured and 
broken down by the heat of the fire, and the water was more easily evai)orated. 

The per cent losses in sugar in the two tests are compared in the following 
table : 

THE PER CENT LOSS IN SUGAR OF CUT UNBURNEl) CANE. CUT BURNED CANE, 
AND STANDING BURNED ( ANE- 


Days sirwo burning or 


cutting 1 2 3 4 5 6 7 8 9 10 

Unburnc.l, «*ut 1.4 2.8 7.5 12 2 loA 18.0 26.4 34.9 

Burncil, left standing .... 3.0.‘5 6.09 9.14 12.18 15.23 1S.03 20.83 23.63 26.43 29.23 

Burnc<l, cut at once 2.84 5.69 8. .*>3 11.38 14.22 17.43 20.64 23.84 27.05 30.26 


In the above table the figures in heavy type were actually obtained ; the others 
are interpolations. We believe that an actual determination would show the inter- 
polated losses given in the table from the burned cane for the first and second 
day to be high. There is a remarkable agreement in the losses actually found 
for 4tli, 5lh and Gth day in tests conducted at different times under different 
conditions. 


Si M MARY. 

1. Eurned cane lost 50.2.V f of its original sugar when harvesting was de- 
layed 15 days after burning, or at the rate of 3.35^c per day. During the first 
five days the total loss was 14.72%, or at the rate of 2.94% per day. In ten days 
the loss was 29.74[ i , or 2.97* i per day. The rate of deterioration shows a 
gradual increase as the time since burning increased. 

2. There is very little difference in the losses in sugar between burned cane 
cut at once, and burned cane allowed to stand until milled. 

3. W hen burned cane was allowed to stand, the loss in weight of cane at 
the end of five days amounted to 6.5*7* i, or 1.32% per day. In 10 days the loss 
was 11.39%, or 1.14u^ per day, and in 15 days the loss was 20.29^ c , or 1.35% 
per day. 


* Planters^ Record, Vol. XXI, No- 3, page 145. 
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4. When burned cane was cut immediately after the tire, the loss in weight 
of^cane was 15.30% in 5 days, or 3.0f)% j)er day. In 10 davs the loss was 
22.45%, or 2.259r per clay, and in 15 days the loss in weight was 29.18' r, or 
1.95% per day. As was to be expected, the rate of loss in cut burned cane tends 
to diminish as the cane becomes drier. 

5. When burned cane is allowed to stand, the density of the juice does not 
increase. The tendency was towards a slight decrease. 

6. When burned cane is cut at once there is a decided increase in the 
density of the juice, in this case, from 18.6 to 22.1 Brix in 15 days. 

7. The juices of burned cane, whether cut or standing, droj) in purity at 
about the same rate, 

8. The quality ratio (tons of cane per ton of sugar) of cut burned cane 
is belter than that of standing burned cane. This is due entirely to a higher 
density of the juice from the cut cane.’*' 


' All the juiees were sampled and analyzed by T)r. Norris and Mr. Homonti. 
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A Shelf of Books for the Plantation Library.^ 


RECOMMENDED BY THE 

EXPERIMENT STATION 

OF THE 

HAW AIIAN SUGAR PLANTERS’ ASSOCIATION. 

Use of W'ater in Irrigation. 

Samuel Fortier; McGret<*-Hill Book Co., W. S9th St., N. V. 
Fanners of Forty Centuries. 

F. H . King; Mrs. F. H. King, Madison, Wis. 

Power and the Plow. 

L. W. Fllis and F. A. Rumely; Doubleday, Page & Co., A’etu York. 
Physics of Agriculture. 

F. If. King; The Author, Madison, IVis. 

Feeds and Feeding. 

IV. A. Henry; I'he Author, Madison, IVis. 

The Diseases of Animals. 

Nelson S. Mayo; The Macmillan Co., N . F. 

Fertilizers and Crops. 

].. L. Van Slyke; Orange Judd Co., X. 

F'ertilizers and Manures. 

A. D. Hall; John Murray, London. 

Insecticides, Fungicides, and W eedkillers. 

F. Four cart; Scott, Creen^eood & Son, London. 

The 15o()k of the Rothamsted Experiments. 

Sir A. D. Hall; John Murray, London. 

Soil Conditions and JMant ( irowth. 

./. Russell : Longmans, Green c*r Co., lumdon. 

Botany for Agricultural Students. 

J. X. Martin: John J Viler & Sons. X. 

Bacteria in Relation to Country Life. 

J. G. Lipman: The Macmillan Co.. X. 

Diseases of I’A'onomic Plants. 

F. L. StcT'cns and J . G. Hall; The Macjnillan Co.. X. F. 
iireen Mainircs and Manuring in the Tropics. 

P. dc Sornay; John Bale, Sons and Danielsson, Ltd., London. 

A Handbook of Tro])ical (iardening and Planting. 

//. F. Macmillan : H. IF. Cave & Co., Amen Corner, Colombo. 

The Principles of Agriculture. 

F. //. Bailey, llditor; The Macmillan Co., X. Y. 

The Soil. 

F. H. King; The Macmillan Co., X. Y. 

The Fertilitv of the Land. 

J. P.' Roberts; The Macmillan Co., X. Y. 

Irrigation and Drainage. 

F. //. King; The Macmillan Co., X. F. 

The Feeding of Animals. 

IV. H. Jordan; The Macmillan Co., X. Y. 

The Care of Animals. 

X'elson S. Mayo; The Macmillan Co., X. Y, 


* Kxhibitoil at tlu* Short Course for Plantation Men, Oetober, 1920. 
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Soil Fertility and Permanent Agriculture. 

Cyril C7. Hopkins; Ginn & Co., Boston. 

Soils. 

E. IV. Hihjard; The Macmillan Co., N. Y. 

A Handbook of Sugar Analysis. 

C. A. Brozvnc; John Wiley & Sons, N. Y. 

Heat Conservation in Cane Sugar Factories. 

R. Renton Hind; The Haz^mian Cassette Co., Honolulu, T. H. 

Methods of Chemical Control for Cane Sugar Factories. 

Hazeaiian Chemists* Assn.; The Hazvaiian Gazette Co., Honolulu, T. H. 
A Handbook for Cane Sugar Manufacturers and Their Chemists. 

(7. L. Spencer; John Wiley & Sons, N. Y. 

A Manual of the Steam Engine (Part 1, Part II). 

R. H. Thurston: John Wiley & Sons, N. Y. 

A Manual of Steam Boilers. 

R. //. Thurston; John Hailey & Sons, N. F. 

Steam Turbines. 

J. A. Moyer; John Jllley & Sons, N. Y. 

The \\\)rld’s Cane Sugar Industry, J^ast and Present. 

//. C. Prinsen Geerliys; Norman Rodger, Manchester. 

Cane Sugar and Its Manufacture. 

//. C. Prinsen Geerligs; Norman Rodger, Manchester. 

Something About Sugar. 

(7. M. Ralph; John J. Nezebegin, San Fnineisco. 

Cane Sugar. 

Noel Deerr; Norman Rodger, Manchester. 

Economic Entomology. 

J. B. Smith; J. B. IJppincott Co., Philadelphia, Pa. 

Agricultural Entomology. 

H. Osborn; Lea & Febiger, Philadelphia and N. Y. 

Manual for the Study of Insects. 

J. H. and A. B. Comstock ; Comstock Pub. Co., Ithaca, iV. 1’. 

Half Hours with Insects. 

A. S. Packard, Jr,; fistes & Lauriat, Boston. 

American In.sects. 

V. L. Kellogg; Henry Holt S' Co., N. I’. 

Principles of Chemistry. 

J. H. Hildebrand ; The Maemillan Co., N. Y. 

Agricultural (ieology. 

F. V. Emerson; John Wiley S Sons, N. V. 

An Introduction to (ieology. 

W. B. Scott; The Macmillan Co., N. 

Military (ieology and Topograjdiy. 

H. E. Gregory, Editor; Yale Unizrrsity Press, Neze Haven, Conn. 

The Earth, Its Life and Death. 

Alphonse Berget ; G. P. Putnam's Sons, N. Y . 

Natural Hi.story of Hawaii. 

W. A. Bryan; The Hazvaiian Gazette Co., iJd., Honolulu. 

Hawaii and Its Volcanoes. 

C. H. Hitchcock; The Hazeaikin Gazette Co., Ltd., Honolulu. 

The Origin of the Earth. 

7\ C. Chamberlin; The University of Chicago Press, Chicago. 

Elementary Meteorology. 

W. M. Davis; Ginn & Co., Boston. 
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Kavangire: Porto Rico’s Mosaic Disease-Resisting Cane. 


* 


Something of Its History and Behavior in the Argentine. 

By Arthur H. Rosenfeld, M. S.^ 

That “one half of the world does not know what the other half is doing’’ is 
an aj)horisni which had its birth many hundred years before the epoch of scientific 
agricultural investigation and publications, and which cannot be applied to the 
scientific world today. In the sugar cane world, particularly, we have of late 
years had many examples of a discovery or conclusion arrived at in one country 
being of equal or much more far-reaching value in others, the success of the 
Demerara 74 seedling cane in Louisiana and of the Java 36 and 213 seedling 
canes in Argentina being cases in point. Naturally the obtaining of these canes 
in Demerara or in Java did not signify per se that they would be superior to the 
canes in use at that time in Argentina, but the facility of international scientific 
exchange and the availability of jniblications referring to experimental work in 
all parts of the world made the securing of these varieties for trial in competition 
with hundreds of others in their new homes an easy and interesting affair. 

Prof. C. ( ). Townsend, of the United States Department of Agriculture, has 
recently called attention in “Science”- to an interesting exam])le of how experi- 
mental work in one country may result in far-reaching importance to the prin- 
ci})al industry of another many thousands of miles removed. Several years ago an 
extremely serious sugar cane disease made its ap])earance in Porto Rico and, on 
account of its characteristic spotting of the leaves, came to be known as the 
mottling or mosaic disease. In many re.spects it a])])ears to be identical with the 
well-known yellow-stripe disease so common in Java, and Dr. C. \\’. Edgerton 
ha> recently published an interesting article in the “Louisiana Planter” showing 
that it exists (juile commonly in Louisiana, although its ravages would appear to 
he less pronounced there than in Porto Rico. W hen the .‘Seriousness of the new 
disease in the island was fully appreciated, the I'orto Rican authorities requested 
the c(K)])eration of the United States Department of .Agriculture with their own 
insular and federal experiment stations, and }*rof. F. S. Earle, of the Office of 
Sugar Plant Investigation of the Bureau of Plant Industries, was detailed in 1918 
to take up this cooperative work. 

“.Among other lines of investigation JTofessor hlarle studied very closely the 
sugar cane varieties growing in Porto Rico. He noted that among about twenty 
varieties growing at the Federal Station at Mayaguez there was one Japanese 
variety (Kavangire) which showed no sign of the mottling disease, while all the 
other varieties were more or le.ss seriously affected. In order to carry this study 
further Professor Earle inaugurated an experiment with ninety varieties of cane 
on Santa Rite Estate. * * * Single rows of cane were planted of the varie- 

ties to be tested, and every third row was planted with the diseased seed of the 

* International Sugar .journal, 1920, Vol. 22, p}>. 20-a3, 

1 Kx-Direetor of the Tueum^in Sugar Elxperiinent Station, Argentina. 

-“An Immune Variety of Sugar Uaiie.’* Mav 10, 1919. 
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Rayada variety (ribbon cane). In this way each variety was uniformly and 
completely exposed to the infection. 

“The first planting of the ninety varieties was made on October 1, 191S. 
Two and one-half months later all of the varieties except Kavangire showed the 
mottling disease, the infection running from 9 per cent to 96 per cent. This 
variety has remained free from disease to date, March, 1919, and shows every 
indication thus far of being immune to the mottling disease. 

“On January 29 of this year, Professor Earle made a careful study of the 
experiment and found about half of the other varieties in the experiment showing 
infection of fully 100 per cent, and only in two cases was it as low as 50 per cent. 
The degree of infection, however, was decidedly marked in the different varieties, 
with the exception of the Kavangire, which appears to be entirely immune. lYo- 
fessor Earle has observed that Kavangire fully matured on the Federal Station 
at Mayaguez, and in other localities in Porto Rico where it is growing, it is en- 
tirely free from the mottling di.sease whether the plants are young shoots or 
mature canes.” 


A Brikf Hi.story of This Cane in Aroentina. 

This cane figured amongst the first varieties to be tried out at the Tucuman 
Sugar Experiment Station, it being planted with two hundred other varieties in 
1910, and showing from the first germination remarkable vigor, dark color, high 
agricultural production, fair juice if left for late cropping, and extreme resist- 
ance to fungous disease such as Rind Disease and Red Rot and attacks of boring 
in.sects such as Diatraca saccharalis. It was obtained from a lot of varieties 
under trial at the National Agricultural School in Tucuman, which had in turn 
obtained these varieties from the Experiment Station in Campinas, Brazil. 

It was at once recognized that in this ca.se we were treating with a misnomer, 
as the labels had evidently been mixed either in Brazil or in the Agricultural 
School at Tucuman, and Kavanejire was merely a layman’s attemi)t to spell Ca\- 
engerie, to which cane the one under discu.ssion bears absolutely no relation, being 
a typical Japanese bamboo type of cane, identical with the Ul)a variety of Natal, 
whereas the Cavengerie is a large, soft, red cane witii faint black .stripes. In 
1886 Dr. Aharez Reynoso, o{ Havana, Cuba, sent to Dr. W. C'. .Stubbs. Director 
of the Sugar Experiment Station in Audubon I’ark, Louisiana. 27 canes of 
Cavengerie weighing 186 lbs., or about seven pounds per stalk.* These weights 
in themselves ])rove that there is no similarity between the Cavengerie cane and 
the thin, Japanese bamijoo type of cane, which in our ex])eriments in 'rucuman 
gave an average weight of stalk for many years of just 490 grms., or just a little 
over one pound avoirdupois.- 

Not being able to classify the cane exactly, although it appeared identical 
with the Uba and similar to the Zwinga, being apparently of better average sugar 
content than the latter, we continued our experiments with the variety under 
the name of Kavangire, and it was under this name that we .sent a consignment 

Cane. Issue<l V)y the Louisiana State Bureau of Agriculture an<l Irriga- 
tion, page 61. An early and interesting discussion of varieties. 

sRosenfeld, Arthur H., ^^Bevista Industrial y Agricola de TucfuinAn.^^ Vol. Ill, i>age 
122, August, 1912. 
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of this cane to Prof. D. W. May, Director of the Federal Experiment Station at 
Mayaguez, Porto Rico, some time after publishing a description of it and other 
promi.sing canes under trial in Tucuman in the ‘'International Sugar Journal” of 
January, 1914 .^ 

It is interesting to note that this article is the only one published in English 
in regard to this cane up to the time of the recent articles of Earle, Townsend, 
and Edgerton.^ In it the author gives the results of two years of experimenta- 
tion with the Kavangire in comparison with the native striped and purple canes 
(Cheribon), comprising one crop each of plant and stubble. In view of the im- 
portance which this cane has now assumed, a review of its behavior in the crops 
of 1911 and 1912 will not be out of place. Table 1 gives the results obtained in 
these crops in succinct form. 

TABLK 1.--Y1KLDS AND ANALYSES OF KAVANGIRE AND NATIVE CANES. 

I.— AVERAGE OF NATIVE STRIi'ED AND PURPLE. 


Age 

Met. i 
Tons 

Uane 

Av. 

Weight 


Chemical Analysis 


1 Kgs. 

Sugar 

Stalks, 





Mfg. 

Value' 

per 


per 

Hectare 

Grins. 

Brix. 

Sucrose 

i 

j Glucose 

Purity ; 

Hect.O 

IMaiit, ion.. 

27.2007 

/)70S 

J0.3 

13.0 

! 0.4 

83.7 

11.44 

2201 

Stubble, 1012. 

3(hOSO 

730 

10.2 

13.7 

' 0.5 

84.3 ; 

11.52 

2417 

.\ver,age . . . . 

28.043 

000 

10.3 

1.3.7 

0.4 

84.0 

11.48 

1 2309 


II.— KAVANGIRE. 


! 


Plant 

. . 43.490 

310 

15.9 

11.0 

0.8 

73.0 

vS.47 

2579 

Stubble . . . 

. . 108.030 1 

030 , 

14.S 

12.5 

0.5 

84.5 

10.50 

8030 

Average 

. . 70.000 

490 

15.4 

12.1 

0.0 ! 

78.0 

9.52 

5305 


I 


A glance at this talkie shows that as plant, while giving 16 tons of cane more 
])er hectare than the native canes, the chemical analysis of the Kavangire juice 
was far inferior to that of the native canes, the commercial or manufacturing 
value being about three points lower. Hence the yield of sugar per hectare was 
only about a third of a ton more than that of the native canes, this being ob- 
tained, naturally, at greater expense in the factory, due to its low industrial yield, 
but at very much reduced cost in the field, due to much cheaper cultivation : the 
Kavangire being an extremely rapid grower and shading the middles quickly. 
As stubble, however, the Kavangire almost tripled its agricultural yield, and, with 


3 /</rm, “Tho most Promising Varieties of Sugar Cane umler Trial at the Tueum&n 
ExperinuMit Station.^’ Vol. XVI, No. 1, pages 12*23. 

Lite, rit, 

•*» Obtained by multiplying per eent .suerose by purity. A practicable factor for aver* 
age juices in TucumAn, likely to indicate too low a probable yield for juices below 70 
purity and rather too high a one for juices above 80 purity. 

^ Ualciilated on a basis of 70 per cent extraction of juice on weight cane. 

" 242,320 lbs. to the acre. 

»VA lbs. 
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almost as good juices as the splendid ones of the native canes, more than tripled 
its yield of sugar per hectare of the previous crop, giving us more than five and a 
half tons of sugar above the yield of the native canes under identical Cbnditions! 
The average yield for the two years was almost three times as much cane, and 
well over twice the amount of sugar per hectare. 

For the three following years, i. e., the crops of 1913, 1914 and 1915, the 
yields of cane per hectare of stubble of these plantations were as shown in 
Table 2. If we bear in mind that the Kavangire cost only about 50 per cent as 
much per acre in cultivation as did the slowly-growing native canes, the cost of 
production per ton becomes about 15 per cent of that of the native cane. 

TABLE 2.— YIELDS OF CANE PER HECTARE AS SECOND, THIRD, AND FOURTH 

YEAR STUBBLE. 


Cro]) 

Metric Tons 

Native 

(2207 Lbs.) 

Kavangire 

... 

; Advantage in 
j Favor of 

Kavangire, 

i Per (Vnt 

i 

19i;i 

2<) 55 

112.21 

’ Over 400 

1914 

17 40 

70.70 

400 

1915 

14. SO 

88.00 

i ‘ ‘ 600 

Average. 

19.5S^ 

90.;i0 

1 Over 4.30 


The behavior of this cane, then, in comparison with that of the native striped 
(the native purple, being next to this Japanese type of cane in the ex])eriments. 
had been so shaded by the latter that the yield cropped to almost nothing in 1914 
and 1915, hence we had to make our comparisons with its more favored com- 
panion) during five years from one planting can be graidiically appreciated l)y 
studying Table 3, 

TABLE ;i. -AVERAGE YIELDS FOR FIVE YEARS. 


Vjirioty 


Met. 

Tons 

(tane 

j»er 

Hectare 


Av. 

Weight 

Stalks, 

Grnis. Brix. 


Chemical Analysis Kgs. 

Sugar 

“ - ---- --- 

Sucrose Glucose Puritv Hectare 

Value 


Native striped 2.H.149 tioO 17.0 14.8 0..‘{ 87.1 12.9 2090 

Kavangire... 84.606 ;320 16.8 ia.:i 0.6 79.2 10..3 6219 


One crop of plant and four of stubble, then, gives us an average yield of cane 
and sugar per hectare for the Kavangire of three times that of the native striped 
cane, it being interesting to note that the average yield of the native stri]>ed cane 
in Tucuman in the five years under study (1911 to 1915 inclusive) was consid- 

* Strange as this may seem, this represents the average yiehl of the native canes in 
Tucuman for the ten years previous to the establishment of the Tucumdn Sugar Experiment 
Station — about nine tons per acre! 
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erably less than that which we obtained in these experiments at the Sugar Experi- 
ment Station. 

These, however, are the results of but one planting from these canes ; let us 
see how distinct plantations have conducted themselves, thus avoiding the always 
dangerous tendency to form o])inions from one single experiment. Although 
substation experiments all over the Province had confirmed the above results 
through the crop of 1913, we resolved that year to start a new series of experi- 
ments in the Central Station, selecting for this object a piece of land which had 
l)een growing alfalfa for the previous two years, and which, therefore, was in 
splendid shape for cane. The plot was well prepared early in July, the cane being 
planted in deep furrows 5)2 feet apart, and covered with a small share plow. 
( iermination was (juick and good, there being no frost in 1913, and the germina- 
tivc j)ro))ensities could, hence, be carefully studied. This is an important and 
indicative factor in the success of the Kavangire cane, and its significance may 
well be appreciated from a glance at Table 4. Beginning about the middle of 
December, counts were made at fre([uent intervals of the number of sprouts 
above the ground, these counts i)eing carried on until the Kavangire began to 
sucker. 

TABLE 4.— (JERMl NATION TESTS. 


Variety 


NuiiilM'r of Sprouts Aliove 
Sept. Sept- Oet. Oct. 

1 H L*.- 2 9 


(troumi, 

Oet. 

16 


per Row of 1(H> M(*ters 


Oet. ' Oet. Nov. 

1 W 6 


Crop 


An. native strip(‘<l 


ami purple :i4 S.' VJl 14.4 Bit) 207 244 27H 682 

Kavj.ii^ire 62 2(»S .460 476 ,547 602 680 791 2366 


Xolhing could show better than these counts, the inherent vigor of the 
Kavangire. From the first moment of germination the Kavangire was producing 
twice as many stalks as the native cane, and by ( )ctober this ])roj)orlion has 
increased to three times as many. At crop time we found that this latter had 
more than held good. 

Now let us see the results given in the crops of 1914 and 1915, which were 
plant and stubble respect i\ely. 

TABLE .1.— RESPLTS FROM THE SECOND PLANTING? 

I. -AVERACJE OF NATIVE STRIPED AND lU’RPLE. 


Ago 


Met- 

Tons 

('aiu‘ 

per 

Hoc til ro 


Av. 

Wei gilt 
Stalks, 
Gnus. 


Brix. 


Cheuiical Analysis 


Sucrose Glucose 


Purity 

A alue 


Kgs. 

Sugar 

per 

Hectare 


Plant, 1914... 

25.26 

615 

1 7..4 

14.1 

0.2 

84.2 

12.0 

21 

StuhLIe, 1915. 

40.78 

575 

14.0 

10,7 

0 8 

76.4 

8.2 

1767 

.Average .... 

28.02 

595 

15.7 

12.6 

O.l) 1 

80.4 : 

10.1 

1981 



260 


II.— KAVANGIRE. 


Plant .... 

83.40 ! 

590 

15.9 

1 12.2 

0.5 ! 

76.7 

9.4 

5488 

Stubble . . 

. .. 102.18 I 

550 

13.9 

! 9.ff 

1.5 

69.1 

6.6 

4721 

Average . 

.... 02.79 i 

1 ! 

570 

14.9 

10.9 

1.0 j 

73.2 

8.0 

5196 


Attention should be called to the fact that frost fell very early in the crop of 
1915 — before hardly any factories had started grinding — and that this fact ex- 
plains the low purities of that year. Nevertheless, the average results from 
plant and stubble compare very favorably with those obtained three years i)re- 
viously, as shown in Table 1. The notable point about this table is the splendid 
agricultural yield and fairly good juice of the Kavangire as j)lant in 1914, al- 
though the juice cannot compare with that of the native canes. In both years 
the agricultural yield of the Kavangire was three and a half times that of the 
native canes, and the sugar yield two and a half times as much. As the yield of 
sugar per hectare is the crucial test of any cane, these repeated figures may be 
taken to represent pretty accurately the comparative value of the canes. Let us 
see, then, what the average of seven crops of these canes (two each of plant and 
first-year stubble and one each of second, third and fourth-year stubble) looks 
like. These averages bear out the individual years’ results for plant and first- 
year stubble, Kavangire yielding over three times more cane and sugar per hectare 
than the native canes. 

TABLE 6.— AVERAGE RESULTH FROM SEVEX (’ROP8. 



Met. 

Tons 

Av- 

Weight 

Stalks, 


(^heiiiical Analysis 


Kk». 

Siijjar 

j>cr 

Hectare 

Variety 

Cane 




' 

Mfjr. 

Value 

i 

per 

Hectare 

Grins. 

Brix. 

8ucro.se 

Glucose 

1 Purity 1 

{ 1 

NativeSlriped 

23.272 

640 

16.6 

14.1 

0.4 

I H4.9 i 

12.0 i 

1955 

Kavangire, . . 

86.944 

530 

1 16.3 

12.6 

0.7 

1 77.;: ; 

9.7 j 

5903 


Problems I^resentku r.v This C.\ne. 


Professor Townsend goes on to say* : “The Kavangire cane is tall-growing 
and very slender, while the Porto Rican planter j)refers a thick cane, because it 
appears- to be a better yielder and is handled at less expense: Director May 
reports a yield at the rate of 70 tons per acre on the Mayagiiez ])lat. The 
Kavangire cane was imported into Porto Rico from the Argentine a few years 
ago by Mr. May. In Argentina it has been planted quite largely on a commer- 
cial scale, indicating that it is satisfactory from the standpoint of sugar produc- 
tion. It requires a long season for maturity and for this reason has not been 
recommended for general planting in the Argentine. The sugar per acre is the 
crucial test, and in this respect it generally stands near the top. 

1 Loc*. clt, 

2 The italics are the author ^s. 
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‘'After reviewing the available literature in regard to Kavangire, Prof. Earle 
raises the practical question as to whether or no Kavangire can be successfully 
used for general planting in Porto Rico. If it can and it retains its immune 
characteristic, the question of combatting the mottling disease is solved. This 
question of the practicability of using Kavangire is now under consideration by 
Prof. Earle and his co-workers in Porto Rico, and at the same time further ob- 
servations will be made upon the immunity of this variety to the mottling disease. 
In the meantime its adaptability to the Porto Rican climate and labor conditions 
will be determined. It appears to be a strong ratooner and to have considerable 
resistance to root disease, borer, and stem rot. If these indications prove true 
Kavangire should enable the grower to keep his fields in profitable production 
longer without replanting than is possible with the varieties now in use. This 
will reduce the cost of production, even though the habit of growth and quality 
of the cane should make it a somewhat more expensive variety to handle and 
to mill.” 

These arc the same difficulties which presented themselves when we began 
our campaign five years ago to replace the rapidly degenerating, though thick and 
pretty, native canes with the thin, ra])id-growing, but not at all aesthetically 
apf)earing Java 36 and 213, which have since been universally adopted in Tucu- 
man, only a few rows of native cane being occasionally seen today, carefully 
guarded and nursed as an invalid might be by the friends of his youth. In this 
connection I can do no better than quote the first part of the article already cited 
in the “International Sugar Journal” for January, 1914, which, in view of the 
events of the past five years, has turned out to be almost prophetic: 

“The first thought that would probably strike one upon seeing specimens of 
our most ])ronli^ing canes is that those which appear to be giving the best results 
to (late are canes of small diameter. This we must grant at the outset and must 
also state here that, from the two years’ results we have now obtained, the thin 
canes as a class seem more promisiiu/ than most of the lar(/cr ones, \\ q ara 
inclined to admire a thick, heavy cane and it is but natural. Yet, with some very 
few exceptions,* these large canes ha\e not sprouted so readily nor given us so 
thick a stand as the thinner ones.- In view of the fact that so many of our 
])roniising canes are of small diameter, it seems advisable to call attention to a 
few of their good j)oints which are frecjuently overkwked : 

^'I^'irstly. As will be seen further on, from the figures given, the fact that a 
cane is thin does not signify that the average weight of stalk is less than that of 
the thicker ones. W ith us, and generally in the Province,’* thinner canes have 


• Tlii'Si* ('XjM’ptions liavi‘ since disappeare*!. 

-There is no doubt that, from the aesthetic point of view, we are all inclined to ad- 
mire a thick, heavy cane, exactly in the same way that it is pleasing to look upon a wcll- 
Imilt, fine-looking man. Nevertheless, none of us would employ this sj>lendid-looking phys- 
ical type in our busines.ses in preference to a smaller anil less attractive man if the latter 
could do his work better and give us better financial returns as the result of his labors! 
If it be almost axiomatic that tlie biggest men do not always make the best soldiers, it is 
equally true that the most beautiful ])lants are seldom the most useful to the economy of 
men. In business — and agriculure is the most important of all businesses — utility weighs 
more in the balance than beauty — the practical result must in the long run count far 
more than the aesthetic effect. And, after all is said and done, is not that plant most 
beft'utiful which helps most towards educating our children, improving our homes, aud 
making our farms healthier and more attractive f 

VVe can now say, “(lenerally in the Argentine sugar sections of Tucuman, Salta and 
J u juy. ^ ’ 
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attained considerably more height than the thicker ones and, with one or two 
exceptions, the average weight of stalk of these, calculated from several thousand 
canes, compares favorably with that of the thicker canes, and very often sur- 
passes the average weight of the canes of the place grown under identical con- 
ditions. 

''Secondly. While we must grant that it would probably cost a little more 
per ton to strip very thin cane for milling, if we consider the heavy stands of 
most of them and the short distance a man has to walk to cut a large number, we 
can see that this objection, too, is not an insurmountable one. 

"Thirdly. A frequent objection that is made to these canes is the difliculty 
of milling them, on account of the higher fiber content, as compared with the 
native purple and striped canes. W'e do not consider that the higher fiber content 
is a disadvantage ; in fact, U'c arc inclined to e.^tceni it a decided point in favor of 
the thinner canes. In Table 5^ will be found the results of a series of analyses 
of the various varieties for the fiber contents, these figures showing that these 
canes run high — far higher than the canes of the ])lace — in fiber. ICvery addi- 
tional kg. of fiber which we have in our cane means that much less wood under 
our boilers: and that much money saved if we can get extractions from these 
canes comparable to those from the larger ones. 

“Despite opinions to the contrary, which we have frequently heard ex])ressed, 
we do not doubt that this can be done with a proper adjustment of the rolls, even 
if this should signify a slightly decreased grinding capacity, or, at least, that 
should these canes continue to ])rove a success, so comparable a quantity (of 
juice) could be obtained that the increased tonnage would more than repay for 
the slight decrease in j)ercentagc of juice which may result. W'e have made a 
considerable number of tests with a small electrically-driven 3-roller mill, which 
gives us about 70 per cent extraction with the native canes,- and have found that 
even with the hardest of these canes, the Kavangire, we could get an extraction, 
without difficulty, within one or two ])oints of that of the purple and striped canes 
of the country, and at the same time obtain a bagasse c()nsiderably drier than 
that from the native.-' 

J Fiber eoiittMit of the iiati\ e eaiie averajit*.*. 10. b per cent ami of Kav’an^ire l.'l.l per 

cent. 

- By passing the Vjagasse tlirougli tlie mill once also, thus simulating the work of a 
G-roller iiiill without crusher. 

We liml, from official figures of the .lava Kxpcriinent Station, that, in 1012, twenty- 
three factories hinl an average content of fiber in cane, iluring all the crop, of above lit per 
cent (the fiber content of the Kavangire), while seventeen workeO cane with an average 
fiber content of less than 11 per cent (more or less the fiber content of the Tucumiin native 
canes). Now, coinlensing the figures for these two groups ami making the averages for 
each one, the results obtained by the factories grinding cane with high and low fiber con- 
tent may be judged by a glance at the following table: 

RP18ULTS OBTAINP]!) IN JAVA FROM VACTOUJKS GRINDING CANP: OF HIGH 

AND LOW FIBP:R (CONTENT. 


F’ibcr in 
Cane, 

Per Cent 

No. 1 

FactoricB i 

Per Ont 

1 SucroKc 
in Cane 

Per Cent 
Sucrose 
Extracted 
on 1 00 
per Cent j 
Cane | 

j Per Cent 
' .Juice 
: Extracted 
on 1 00 , 

i PtH. .Juice 1 

1 : 

per Cent 
Fiber 1 
in (.'ane 

1 TltiKHKHe Data 

1 ~ “ 

Per Cent IVr Cent , 
SucroHe Humidity | 

Per Cent 
Su crone 
LOHt 

Below 11 1 

Above 13 * 

17 1 

23 1 

12. .59 
12.25 

11.49 i 
11.06 ' 

91.3 1 

90.3 I 

10..58 1 

13.61 1 

4.72 48,4.5 j 

4.29 44.99 1 

l.IO 

1.18 


There was little difference, then, between the results obtained by the two groups, the 
most impor^^ant one, from the calorific stainipoint, being that the bagasse from the high- 
fibered cane had 3% points less humidity. The average per cent sucrose in cane was 
slightly better in the group of the ingenioB grinding low-fibered cane, and they obtained 
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''Fifthly.^ Most of these thin canes seem very much more free from the 
attacks of the borer (Diatroca saccharalis) and accompanying diseases than the 
heavier canes. This is j)rol)ably due both to their small size and to their increased 
hardness.” 

In regard to the latter jjoint, the following data are interesting: In 1912, 
Mr. 1'. C. Barber, then Sub-station Suj>erintendent of the Tucuman Kxperiment 
Station, made counts of the number of average canes of the native and Kavan- 
gire varieties in the Experiment Station plats, noting the number of invested 
joints as c()mj)ared with the total number of joints in each lot. Table 7 shows 
the results of these counts. 

TABLE 7.- INFESTATION WITH THE BOKER. 

Joints P(*r (U'lit Joints I 

Vnri(^tios i.' • i t i.* ^ i ' 

hxaiinnoj Inrt‘sti*<l j 

N.'itivv ranes ... 177H 41.:; 

Kavanjrirc :!2<; lo.d 


'I'able 7 shows us that there is a tremendous difference in the infestation 
between the very thin Kavangire and the heavier native canes growing in close 
])ro.\imity to each other, the latter showing almost three times the number of 
infested jc»int^ that the Kavangire does. In view of the fact that the borer is 
indirectly responsible for many of the diseases of sugar cane, it may well be ai)i)re- 
ciated that this is no unimj)()rtant point in favor of the Kavangire. 

C'oNci.rsioNs. 

Most of the objections to this ty])e of cane are based on conditions, then, that 
can be controlled — objections which have been accumulated in the Argentine 
when gratlually replacing the native varieties by the new lava canes recommended 
and pushed by the Tucuman Sugar ICxperiment Station. I'he fact that the Kav- 
angire i'' a late maturer in rucuman has inhibited its use on a large scale in 
Argentina, but tliis factor would ])robably be of little importance in Porto Rico, 
where all canes have longer growing seasons than tho.se of the sub-tropical Argen- 
tine sugar districts, with their long droughts and heavy frosts. 

( )ne point has not been mentioned by the Porto Rico investigators which is of 
capital importance- the quick inversion of the juce of the Kavangire once the cane 
is cut. This is a very pronounced jdienomenon, with both the Java and Kavangire 
varieties, but is by no means an insuperable difficulty — in fact, it has ])roved rather 
a blessing to the Argentine, having imposed better organization in the field and 
more pronijR deliveries of cane to the mill, whereas, even though the native canes 
invert much less ra])idly, much sugar was undoubtedly lost in the old days by care- 
lessly leaving the cut cane four or five days in the field. 

The stripping of this cane represents a real difficulty, as the leaf-sheath 
adheres very tenaciously to the stalk, and the adoption of Kavangire would inevi- 
tably bring an increase in the cost of harvesting, as the adoption of the Java canes 

4 “Fourthly^* ilt‘als with iiicroascJ frost resistance, a point of no importance in 
Porto Rico. 
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in Tucuman has done, but this extra cost of crop is much more than recompensed 
by the reduced cost of cultivating this prolific and quickly-closing variety. If the 
Kavangire turns out to be the only variety in Porto Rico immune to the mottling 
disease, it will be adopted as the staple cane of the Island, and the economic con- 
ditions relative to its adoption will be worked out by its progressive scientists, 
growers and manufacturers just as they have had to be in Tucuman. 

The young Tucuman Sugar Experiment Station has saved the Tucuman sugar 
industry from extinction — perhaps the bread it has cast upon the waters may be 
washed up manifold upon Porto Rico’s verdant shores. 

[H. P. A.] 


The Olapa Weevil, Nesotocus Giffardi. 


By O. H. SvvEZKV. 

This large strange beetle (Fig. 1) is one of the endemic Hawaiian insects 
which attacks trees very abundantly when in the right condition to be attractive 
to them, this condition being a state of decline, or diseased condition, or when the 
tree has been subject to injury. The trees attacked by these weevils are the species 
of Cheirodendron (Olapa), native Hawaiian trees which in places make u]) a con- 
spicuous part of the forest cover on the watersheds. 

The beetle itself is generally considered a rare insect, not being collected 
ordinarily more than an occasional specimen at a time. At one time, however, in 
company with other entomologists, I found a tree that had fallen over in a land- 
slide along the Castle Trail on the Kauniuahona ridge, ( )ahu, which had luindreds 
of the larvae feeding in the inner bark and outer part of the wood beneath the 
bark. Many of the larvae were full-grown and had eaten into the wood and 
con.structed a cell in which to jnipate (Fig. 6). A few weeks later the same tree 
was visited and many .specimens of the beetle were obtained by cutting into these 
pupal cells and finding the matured beetles which had not yet issued from the cell. 
Apparently the tree had been attacked soon after it had fallen and the bark was 
beginning to ferment or decompose, becoming attractive to the female beetles 
which oviposited in the bark. The larvae fed on the bark while in this condition, 
becoming full-grown ( Fig. 4 ) before the bark had entirely dried up, then had 
eaten into the wood of the trunk and branches for the formation of the pupa 
(Fig. 5), as before mentioned. The whole tree was thus attacked, even some of 
the large exposed roots. 

At the same time, at other places along the trail where these trees were to be 
found, the work of the larvae of this weevil could be found in dead or dying 
branches. Sometimes tlic larvae were found feeding in apparently healthy living 
tissues of the branches not far from where these were in a dying condition. In 
these cases, however, tl>e larvae were not at all numerous, as was found in the 
fallen tree, and the indications were that healthy trees were not injured by the 
weevils, only being attacked where there were dying branches. It is an illustration 
of the behavior of many other native wood-borers which normally are rather rare 
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and not particularly injurious to tlie trees, but where a tree has been considerably 
injured, or in a diseased condition, or blown over by the wind, or fallen from other 
causes, then it becomes greatly attacked by the particular native borer which is 
attached to it. The most of the important native tree borers are particular which 
trees they associate with and are usuallx to be found only in connection with these 
trees, as, for example, ten species of Clytarlus and six species of Plai/itiniiysus 
beetles, which attack the koa tree, but no other kind of tree. Similarly, three 
species of Pla(/ithinysus are attached to the lehua tree. Other species of this 
same genus of beetles are attached to their respective trees. 
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On each of the other islands, Kauai, Maui, and Hawaii, there is a different 
species of Ncsotocus, all closely similar, which similarly attack Chcirodendron 
trees on their respective islands. On one occasion, while collecting insects in the 
forests along the Upper Hamakua Ditch in the Kohala Mountains of Hawaii, I 
came across two Chcirodendron trees in a dying condition, from which I was 
able to collect quite a number of adult weevils (Ncsotocus inunroi), and which 
had numerous larvae feeding in and beneath the bark of the partially dead 
branches, the same as I had found them in the instance mentioned on ( )ahu. In 
the adjacent region were numerous young trees of Chcirodendron 10-15 feet high 
and in healthy condition. I had searched diligently on these trees for evidence of 
the presence of Ncsotocus weevils, and hjid been able to find but an occasional 
specimen where they were working on dead branches here and there. 

Air. ^\^ AI. (jiffard has similarly reported that in July of 1920 he had found 
the adults of Ncsotocus munroi abundant on injured trees of Chcirodendron where 
burning anti clearing of the forest was being made for a garden at Kilauea. I la- 
waii. Alany Chcirodendron trees occur in the region, but by [)ersistent search at 
many times only rarely was a s})ecimen of the weevil found. However, they a])- 
])eared in large numbers, being attracted to the injured trees in the clearing when 
the.se were in just the right condition for them. 

Figure 7 shows views of portions of the trunk of a tree that the writer ob- 
served along the Alanoa ClitTs 'IVail on Mt. Tantalus. This was a standing trunk 
of a large Chcirodendron tree, from which the bark had fallen, exposing thousamls 
of the o])enings of the pupal cells of this weevil, h'vidence was not at hand to 
determine whether the weevil larvae had been the cause of the death of the tree, 
or whether their work was performed after the tree was dying from other causes. 
From the fact that most of the large trees of other species in the immediate vicinity 
were also dead would indicate that .some general cause was responsible for the 
death of the trees, and that the weevils, as in the other instances mentioned, had 
attacked the Chcirodendron tree after it had reached the dying condition. 

Alany dead tree trunks in the Hawaiian fore.sts are found filled with holes 
which are the work of the larvae of wood-boring beetles. It is considered by 
some that this is sure evidence that the borers have killed the trees. The ento- 
mologists who have made studies of the habits of these beetles are agreed, how- 
ever, that these beetles do not attack and destroy the healthy trees. It is only the 
trees which have become injured, diseased, or in a dying condition from other 
causes that are so severely attacked by the beetles, and brings about the ap])earance 
which to the casual ob.server indicates that the borers have been responsible for 
the death of the tree. The truth of the matter is that in the natural forests, in 
their normal healthy condition, these borers are scarce and very difficult to find, 
only keeping up their existence on the dying branches that are always to be found 
in healthy trees, being clioked out below by the shading of the upper growth of 
the trees, or in an occasional injured or fallen tree. If one happens to come 
along at the right time he may find an abundance of beetles which have been 
attracted to this injured or fallen tree. It is only by such good fortune that 
good series of many of the .species may be obtained. 

A point to be emphasized is that w'hen dead trees full of borer holes are 
observed in the forest-cover on our mountains it is not to be interpreted that the 
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7. Photus of ]K>rtitms of the trunk of i\ ilead Chelrodeildroil tree. The numerous 
jouiid holes are tht‘ openings of pupal eells, fn»in which beetles have issueil when mature. 

borers are killinj^ off these forests. The primary cause of the death of the trees 
is some olher detrimental conditions, and the borers have been a secondary 
feature, which often, however, may hasten the ultimate death of the trees. 
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A Convenient Mosquito Poison. 


Camphor and para-dichlorobenzene have been successfully used to keep 
down mosquitoes around dwellings^ in fern-houses, and places where the use of 
oil is not possible. Two grams of powdered para-dichlorobenzene, or two grams 
of camphor (lump or powdered) to each liter of water, renewed every ten days. 
This is effective against yellow-fever mosquitoes, and is convenient to use in many 
places where they breed, such as flower vases, pot-pans in fern-houses, water 
containers, ant guards round refrigerators, etc. 

[F. M.J 


Preparing Boilers for Inspection.* 


Methods to Employ for Rapid Coolhuj; Removing Vapor from Prams; 

Precautions icith Leaky Stop Vak^s. 

By Edward RrTLEiK.E. 

Boiler inspection, never a jdea.sant task, is often made more difficult by well- 
intended but misdirected efforts of the attendants. The preparation of the 
boiler is usually left to the men in the fire-room without any su])er\ ision or 
directions of the manner in which they shall procee<l. If the boilers are to be off 
the line for only a short time, the men will, in an attempt to cool them as much 
as possible, throw open all the doors in the setting as soon as the fires are drawn. 

This is the condition that the inspector often finds when he enters a boiler 
room — it is the rule rather than the exception. The men do not seem to realize 
that with the doors wide open the air circulation is almost negligible, and there is 
only a slow loss of heat oy radiation, ddiey are not inclined to reason out little 
problems of this nature for themselves, but hardly more than a suggestion is 
necessary to show them that a .strong current of air will carry away mcne heat in 
a few hours than w^ould Vadiate off in a night. 

More than once the writer has found a boiler seemingly unbearably hot. 
The attendant is much concerned over his lack of success ; the fire was burnt 
out early the previous afternoon and the doors in the setting opened. The 
night watchman had opened the blowoff .shortly after midnight; early this morn- 
ing the i)lates had been knocked in and a stream of cold water had been going 
into the boiler since that time. He honestly thinks he has done everything 
possible to cool that boiler. He has, as a matter of fact, done about everything 
he should not do ; but to save time, and for other rea.sons, we do not tell him — 
we show him. 

First, that stream of cold water is shut off. Of all contemptible treat- 
ments, the water cure deserves first mention. In a hot boiler, not only is it apt 
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to set iq) severe contraction strains, but the vapor caused by its striking the warm 
plates makes a moist, sticky, enervating atmosphere that very quickly saps the 
good nature out of anybody who works in it. 

In passing, it may be said that next to water in a warm boiler, water sprayed 
into a cold boiler is the next least desirable. It leaves the surface wet and dark, 
making it difficult to discern what would be readily apparent in a dry boiler. It 
may even completely hide some condition at a place that can only be examined at 
long range. 

So much for cussing the water cure; if it takes root, the effort will be one 
well s])cnt. Now, take the fireman by the arm, as it were, and gently intimate 
that the doors in the setting, excepting the fire doors, should be closed and the 
main damper and flue damper opened wide. 

In 30 minutes, unless conditions are unusually bad, the boiler can be entered 
and examined. It is not intended to give the impression that the boiler will be 
cool ; a shell in a heavy setting of brick cannot be brought down to the tempera- 
ture of the boiler room in 24 hours or less. If, however, the draft is utilized as 
outlined, the boiler will be in very fair condition for inspection. 

\\’hile the cleaning of the combustion chamber and gas j)assages is in prog- 
ress, the draft will of course be checked. As soon as the cleaning is completed, 
the doors should be closed again and the dampers set so that the flow of air will 
continue. 

Leaky stop valves are often a source of difficulty in cooling a boiler. Double 
slop valves ofifer a means of overcoming this, but even these are a di.sappointment 
unless both valves are closed and the drain valves between them opened. That 
little drain valve is so often overlooked ; its only function is that which its name 
implies — to drain between the two stop valves. It is the attachment that makes 
the double slop valve arrangement worthwhile. 

W ith only one stoj) valve between the boiler and the main, severe leakage by 
the valve is a stnirce of real danger to one entering the boiler. It is a condition 
that often is not known to exist until the boiler is opened. The lime is then too 
short to put the valve in proper condition and other means must be devised to 
overcome the difficulty. The simplest way, of course, is to shut off all steam 
from the main if conditions will permit. Usually steam must be kept on the 
main and it then may be necessary to blank between the boiler and leaky stop 
valve ; or to remove a safety valve. In a drum boiler with two or more drums, 
a very effective e.xpedient is to place an electric fan close to the manhole of one 
drum. The slight pressure caused by the air current will be sufficient to check 
the leakage into the drum, and as long as the fan is in oi)eration, the va])or will 
be forced into the other drum. The fan need not be started until a few moments 
before the drums are to be entered. 

The essential points brought out have been to get the water out of the boiler 
to be inspected as soon as possible, to refrain from washing out until after inspec- 
tion, to keep out vapor from leaky stop valves and to maintain an air current 
through the boiler every moment possible from the time the fire is drawn. 

To this may be added the removal of manhole plates, handhole plates and 
tube caps. These should be knocked in as soon as tlie water is out. The man- 
hole plates should not be allowed to drop into the boiler, to break off a feed pipe 
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or surface blowpipe as is often the case. Back the nut oflf the holt in the man- 
hole plate until only about half of the nut remains on the stem. Standing so 
that the cloud of vapor that will issue may he avoided, strike the plate a few 
sharp blows with a heavy hammer until the gasket joint is broken. Do not at- 
tempt to remove the plate at once, hut leave it susi)ended in the hole until it has 
cooled sufficiently to handle. 

Handhole plates and tube caps should he handled in the same manner. The 
interior of the boiler is thus vented from the earliest possible moment. With 
the air drawing through and the other essential points observed, the boiler will 
be in the best condition attainable, not only for the inspector, but for the men 
who are to remove the soot and ashes. 

Standardizing boiler construction has, within the past few years, brought 
about better design, better material and better workmanship. Rules and codes 
cannot, however, safeguard boilers against the wear and tear of service other 
than to provide for the periodic inspection of the vessel. 

Important, then, as is the work of the inspector, so, too, is the proper prej)- 
aration for inspection. A man may struggle and squirm and wriggle thrcjiigli a 
hot boiler; he will do his best, but he is only human and his best under such har- 
rowing conditions cannot equal his best when conditions are more favorable. 
Nor is he gifted with second sight to see through a cloud of dust or a Iieavv 
coating of soot. 

Give, then, a little more consideration to the preparation for the boiler in- 
spector. A few detail instructions to the man is often the only extra effort 
required, instructions which, if followed, will in many cases give better results 
and even lighten the labor involved. |\\\ IC. S.| 


The Efficient Burning of Oil Fuel.* 


A Siiininary of Good Practice. 

By Allen F. Bkewer. 

The question of the efficient burning of oil fuel is perhai)s one of the most 
vital before the power plant engineer today, who is using such fuel or contem- 
plating converting his plant from coal to oil burning, .\ saving in fuel cost, no 

* Industrial ManageiiuMit, July, 1920. 
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matter how slight, will contribute tow^ard added plant efficiency, and the aggre- 
gate saving over an appreciable length of time will be a convincing argument in 
favor of more intelligent handling and burning of oil fuel and the training of 
firemen with this purpose in view\ Jn reality, the burning of oil as a fuel under 
boilers is a science. This fact has been seriously appreciated by the United 
Stales Navy in carrying out exhaustive tests and in the training of firemen in 
the efficient burning of oil. It is not the purpose in this article to set forth per- 
sonal oj)inion in any manner, but rather to offer a compilation of methods, gath- 
ered from numerous sources and tests, and personal ex])erience, which will aid 
the operating engineer to attain the best results from his fuel and plant. 

Under existing conditions of consumption and production, the question of 
conservation must be given most serious thought. Probably the most common 
question which will be raised by a prospective consumer of oil fuel is: “Can my 
sup]dy be assured over the period of my contract?” or, in other words, would 
there be ])ossibility or probability of temporary stoppages of the oil fuel bulk 
su]q)ly to the consuming market, which would vitally affect power production for 
our daily needs. It may be safely .said that present opinion as to the ])robable 
petroleum resources of the world is far from agreement. To assume any defi- 
nite limitations as to such resources is difficult. The enormous advance in the 
past five years in the usage of oil fuel as a substitute for coal renders an esti- 
mate of its probable future usage, suj)ply and cost, almost an impossibility. At 
all events, it is safe to say that we are faced with the condition of increasing 
consum])tion with decreasing j)roduction, according to ])resent indications from 
the known j)ro(lucing oil fields of the world. 

I " A I .sK 1 1 )i: AS OF ( ) I L B r k X I N ( ; . 

'fhere are too many operating engineers who still labor under the false idea 
that to burn oil fuel all that is necessary is to turn the oil valve and supply suffi- 
cient air to prevent heavy smoke. True, the oil will burn and steam will be gen- 
erated, and j)erhaps a higher efficiency will result than when burning coal. There- 
fore the engineer feels confident his plant is develojfing excellent economy. Yet, 
it Is sur])rising how the eftkiency can be increased by a little study of the prin- 
ciples of combustion, the appearance of the flame, the proper pressure and tem- 
perature at which to fire the oil, and the requisite amount of air to give best 
combustion. In brief, the secret of proper firing of oil fuel is to attain complete 
combustion. Incomplete combustion will result in a direct waste of fuel which 
is irrecoverable. 1die ])rimary cause for the latter is the use of too little air, 
which will result in the burning of the fuel to a high percentage of unburned 
carbon monoxide. The extremes to which poor firing of oil fuel can go far 
exceed tho.se of coal. Negligence of the principles of combustion or lack of care 
in the firing of coal will result in the fire ultimately going out. \\ ith oil, the fire 
will probably never go out, but wastage of oil will occur to an unthought of ex- 
tent, though the fire itself will not indicate such to the unpracticed eye. 

The principles involved in arriving at so-called perfect or complete combus- 
tion arc best taken up as individual studies, and the essential features are re- 
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viewed in the following paragraphs in their general order of importance to the 
operating engineer. In effect they may be summarized under the following 
headings : 

Air required for combustion ; 

Temperature of firing of the oil ; 

Pressure at which the oil is fired ; 

Appearance of the flame; 

Burners and their care ; 

Design and construction of the furnace; 

Rate of combustion ; 

Straining of oil fuel; 

Furnace lining; 

Rules for prevention of casualties; 

Flue gas analysis ; 

Standardization of equipment. 

Air Required for Combustion. 

The actual amount of air required by a l>oiler to insure complete combustion 
of the fuel fired will depend entirely on the furnace design and construction, the 
means of admitting air, the tyj>e of burners used and the degree of atomization 
obtained therefrom. 

In order that oil fuel may be completely and eftk'iently burned, it not only 
must be delivered under a constant, uniform pressure in a finely-atomized state, 
but the resultant spray must be mixed with air in proper proportions to the 
amount of oil being delivered. The use of only the theoretical amount of air 
required for combustion is usually insufficient, due to imperfect mixing of the 
gases, restricted combustion chamber volume and too short a time available for 
complete combustion. In general it may be said that approximately fourteen 
pounds of air are required for complete combustion of one pound of oil fuel of 
average gravity. The veflume of* a pound of air at 62 degrees F'ahrenheit is 
13.14 cubic feet; therefore, approximately 184 cubic feet are required per ]>ound 
of oil for perfect combustion. To this would usually be added 10 to 20 jier cent 
to allow for the contingencies quoted above. On the other hand, too high an 
excess of air will mean that heat must be absorbed to raise this excess approxi- 
mately to the temperature of combustion, and subsequent loss will result when 
this air passes up the stack in an overheated condition ; with the result that 
another extreme will be met and the boiler evaporative efficiency will be lowered. 

Appearance of Smoke. 

The appearance of smoke at the stack is probably the most reliable guide 
other than the flue gas analysis as to whether the requisite amount of air is being 
supplied. Too little air will result in incomplete combustion and heavy, black or 
greyish smoke. Too much air will be indicated by more or less dense, white 
smoke. Under practically perfect combustion conditions the smoke should have 
the appearance of a greyish haze as it leaves the stack. The presence of blackish 
streaks in this haze is a probable indication of dirty burners. No smoke may 
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indicate the proper amount of air or an excess above that required. In practice 
it is well to regulate the air supply either by the damper or blower until a heavy 
greyish smoke appears, and then open the damper or speed up the blower gradu- 
ally until the smoke takes on the desired greyish haze appearance. Too little air, 
or air delivered at too low a velocity to a mechanical burner, is a direct cause of 
so-called vibration or panting of an oil flame in a boiler. The remedy is to 
increase the air supply and velocity, or decrease the oil being fired by temporarily 
cutting out the burner from which vibration is occurring. Vibration, if allowed 
to continue, will have a detrimental effect particuarly on the furnace lining, and 
ultimately loosen the brick work. 

In general, suitable means should be installed in order that regulation of air 
supply may be maintained to meet any demand upon the boiler and oil supply. 
Where a steam or air type of burner is involved, receiving its air for combustion 
via the ash[)it door and a checkerwork of firebrick in the furnace floor, such 
checker work should be constructed to allow passage of the maximum excess of 
air required for peak loads. The required area of air openings in the checker- 
work will be a considerable variable, dependent chiefly upon the boiler capacity 
and the draft to be maintained. Assuming a draft of one to two-tenths of an 
inch of water, a total checkerwork area of from 2V> to 3 square inches per 
horsepower will be ade(]uate to operate a boiler from rated capacity to hO*/c over- 
load. The control of actual air supplied can be carried out by manipulation of 
the ash])it doors or the dam})er at the uptake, leaving either one wide open and 
adjusting tlie other to give the requisite air sup])ly. Kxperience in a variety of 
cases lias developed a general rule that it is best practice to regulate air by means 
of the damper leaving the ashpit doors wide open. 

E.sskntial Fkati res of Draft. 

The essential feature of successful draft operation is to confine the actual 
draft to the uptake and stack, carrying very little within the combustion chamber 
])ropcr. It is evident that any amount of draft in the combustion chamber will 
tend to hasten the jiassage of the gases excessively, change their natural direc- 
tion of travel .<o that they will not reach to all corners of the combustion chamber, 
and cause leakage of air through the boiler setting or brickwork. The practice 
of controlling draft by the damper will maintain the best draft principles, i. e., 
little or no draft in the combustion chamber, natural travel of the gases to all 
parts of the combustion chamber and heating surfaces, and least setting leakage 
of air, 1'here will be times, however, when the ashpit door will require manipu- 
lation as well as the damper to gain suitable draft, particularly where light loads 
are prevalent. 

Where a mechanical type of burner is in use, the air supply is in general 
received through a series of vanes surrounding the burner, and regulation is best 
carried out by varying the sj^eed of the blower as demands may require. The 
velocity of air supply in this case may be said to have greater bearing on perfect 
combustion than the total volume, inasmuch as the ultimate volume of excess 
air may be thereby decreased, due to greater velocity being imparted to the 
atomized oil, since each particle of the latter will be more completely surrounded 
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by the requisite theoretical amount of air for perfect combustion to the highest 
percentage of COo. 

Temperature of Firing of the Oil. 

To properly and completely atomize oil fuel at moderate i)ressures and 
enable it to be more readily burned, it must be heated sufficiently to reduce its 
viscosity. The extent of heating will, of course, depend entirely on the grade of 
oil and its original viscosity. In general a temperature in the neighborhood of 
125 degrees Fahrenheit for steam or air-type burners, and 150 degrees Fahren- 
heit for mechanical burners will be found suitable to heat the oil to, in order to 
reduce it to a viscosity ranging between 8 and 15 degrees Kngler (300 to 560 
seconds Saybolt), such a viscosity having been determined by ex])erience to give 
the best atomization results. Overheating the oil to any extensive degree will 
produce a steadily decreasing burner capacity relative to the temperature. ( )n 
the other hand, heating to the proper degree will increase the burner capacity and 
its ability to atomize the oil completely, and in the case of a steam or air-type 
burner less steam or air will be required for atomization. Therefore, the en- 
gineer should guard against overheating even more carefully than against under- 
heating, and gage his ultimate temperature to correspond to actual burner ca- 
pacity tests on his particular oil. 

It is generally considered poor ])ractice to heat oil fuel above its flash point 
at any time in any part of the system other than the burner, inasmuch as this 
will cause carbonization at the burner tip, precipitation of carbon in the heating 
and distribution .system, and will involve danger of explosion should leaks be 
present in the .system. I'he que.stion of the potential danger involved when oil 
fuels arc heated above the flashpoint has aroused considerable interest among 
combustion engineers of late. To bring certain of the so-called heavy Mexican 
crude oils to a suitable pumping viscosity of, let us say, 15 degrees ICngler, it will 
be necessary to heat to the neighborhood of 200 degrees Fahrenheit, or con>ider- 
ably above their flashpoints. Such oils, however, have such a low content of 
volatile hydro-carbons, tending to flash at lower temperatures, that even at 2(X) 
degrees Fahrenheit a flash test will not be indicative of ever-present danger since 
the fla.sh will only occur as the more volatile constituents are freed from the body 
of the oil, there being no 'possibility of the entire body of the oil flashing siinul- 
taneously. In general, .such heavy crude oils at the wells will flash at ordinary 
room temperatures of 70 to 90 degrees Fahrenheit. Their volatile hydro-carbon 
content is usually below 5 per cent, however, and on weathering or ])umping 
into tanks or tank .ships such con.stituents as ga.soline and benzine will vaporize 
continually. As a result the flash will rise to even as high as 160 degrees h'ah- 
renheit by the time such an oil is delivered to the tanks of the consumer. 

In actual practice heating of oil fuel preparatory to firing is carried out by 
means of oil heaters, using exhaust .steam preferably as the heating medium. It 
is not purposed to describe any of the general types of heaters herein, this subject 
being foreign to the discussion. It is fitting, however, to touch upon certain of 
the principles of operation. The que.stion of oil leaks to the steam side of heaters 
is of importance due to the fact that oil would thus be carried over to the con- 
denser and to the boilers, ultimately causing overheating of the boiler part.s where 
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oil deposits have collected, corrosion, priming, and a decrease in steam produc- 
tion. It is good practice to install traps adjacent to oil heaters suitably fitted so 
that the water may be drawn oflF and inspected for oil. In the event of oil being 
discovered, the heater should be immediately cut out and repaired. 

Pressi'RE at W hich the Oil Is Fired. 

In order to insure proper combustion of oil fuel the latter should be fired at 
a steady, uniform pressure. \’ariations in pressure and supply may be the cause 
of vibration or panting in the furnace, occasioned by unsteady flow of ihe oil 
from tbe burner tip. I’limj) pulsations arising from inequalities in the piston 
strokes are the most common causes of pressure variations where reciprocating 
tyj)es of pum])s are in use. This pulsation may be reduced or corrected as nearly 
as possible by the inslallation of air chambers on the oil discharge side of such 
])um])s, the chambers being maintained fully charged and non-leakable at the 
punijfing pressure. 

In many res|)ects the oil pressure will govern the rate and com])leteness of 
the burning of oil, other factors being in conformation with good practice. In 
general it may be said that up to about 250 pounds pressure atomization will be 
iitcreased as the pressure is increased. The pro])er j)ressure to use will, of course, 
depend on the grade of oil: the chief objective being ultimately to atomize thor- 
oughly the oil in the burner. It is considered good marine and industrial prac- 
tice to mainlain a uniform pressure, sufficient to insure thorough atomization 
under normal burning conditions. If increased load is applied it is best to cut 
in another burner, if this is possible, or a> an alternative increase the pressure to 
feed more oil to the burners in use: vice versa, if the load is decreased it is best 
to cut out a burner, if possible, rather than reduce the ])ressure from the normal 
The normal pressure in e\ery ease should be sufticiently high to j)revent vibration 
so far as j)ossible and to insure good atomization. 

.\ good burner will atomize properly an average viscosity oil fuel at as low 
a ])ressure as 30 pounds. It is not intended to recommend any definite ])ressiire 
to be adoi)ted, due to the greal variety of burners and oils on the market today. 
It is safe to say, however, that a range between and 50 j)ounds for steam jet 
burners, and 1(K) to 150 ]H>unds for mechanical ])ressure burners will give efficient 
results on crude or heavy topped oil fuels used in any of the well-known burner 
s\ stems at a tem])erature between 125 and 150 degrees Fahrenheit. The above 
ranges of pressures will not involve undue wear and tear on the pumps, and com- 
bustion will be well confined to the center of the furnace without possibility of 
damage to boiler tubes or casing through excessive heating. 

It should be borne in mind that the velocity of the oil should be relatively 
less than that of the air to insure best results, there being less chance that the 
oil will strike the back wall of the combustion chamber before combustion has 
taken place. 

It is fitting also to mention the rotary types of pumps, which are based on 
the rotating plunger principle, as to their value for oil pumping. In general 
they have been found more applicable to mechanical pressure jet systems than 
where steam or air was used as the atomizing medium. Such pumps have the 
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advantage in that they give a very uniform oil pressure, and do away with the 
air chamber. 

Appearance of the Flame. 

The furnace should be frequently inspected through the peep holes to ascer- 
tain the condition of the flame or flames, and thereby judge the extent to which 
combustion is being carried out. The flame, its color and appearance is one of 
the best indications to the engineer, of the efliciency attained in burning oil fuel. 
Under ideal conditions the gases of combustion should appear bright and clear, 
with the back wall of the furnace clearly visible. The flame at the burner tip 
should appear bluish white for about six to eight inc’”‘es, changing therefrom to a 
violet and shading to a bright clear cherry red and finally to a soft orange color 
as it extends into the furnace. Streaks in the flame will indicate a dirty burner 
tip. Excess of air is indicated by blowing out the flame, and a dense, whitish 
yellow color thereof. Too little air is shown by a smoky flame and the gases of 
combustion taking on a dull, reddish yellow appearance, the l)ack wall of the 
furnace will be less visible or obscured entirely, and the violet hue will disappear 
from the flame near the burner tip. 

Types of Bthners. 

The chief function of the oil burner is to properly atomize the oil, i. e., to 
break it up into minute particles, in order that it may present the maximum 
surface to mix with the air required for combustion. Thorough atomization is, 
in truth, the greatest secret of complete combustion. The process of atomization 
is carried out either within or at the tip of the burner by one of the three fol- 
lowing mediums, i. e., steam jets, comj>ressed air jets, or mechanical j)ressure 
jets. 

Steam and air-jet burners are classified as inside or outside mixing accord- 
ing as the oil strikes the atomizing jet within the burner proper or at the nozzle. 
With mechanical-pressure jet burners the oil is forced through under j)ressure, 
the design of the burner being calculated to pulverize the oil and cau.se it to spray 
from the tip in a cone of minute, gaseous particles meeting the air for combus- 
tion, which in general enters the furnace in heated condition around the burner. 
In stationary boiler and locomotive practice the steam- jet burner is in most com- 
mon use. The flame therefrom may be either flat or conical, the flat type being 
the mo.st usual. 

Steam- jet burners will require under average conditions from three to five 
per cent of the total steam production for atomization. Such steam should be 
as dry as practicable for best and most efficient results. Moisture will increase 
fuel consumption due to the necessity for evai>orating the w^ater in the steam 
and subsequently raising it to the temperature of the furnace. The chief advan- 
tages of the steam-jet burner are: the more regular s])read in the intensity of 
the flame throughout the furnace, and the simplicity of equipment required. The 
air-jet burner, while used extensively in stationary boiler practice, is generally 
most common in metallurgical and industrial furnace work w^here an intense 
flame is desired. The flame as in the steam-jet burner may be either flat or 
conical, dependent on the type of burner. 
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The mechanical-pressure burner, while most popular for marine boiler in- 
stallations, is, however, frequently met with in stationary practice. Jt has the 
great advantage in that none of the steam produced is directly used for atomiza- 
tion, and it can be more readily adjusted under wide load variations. The flame 
from such burners is of conical shape in practically every case. The rotary type 
of burner is an oflfshoot of the mechanical-pressure burner in its general princi- 
ples. Rotary burners are coming more and more into use for household and 
building heating and power installations. 

Whatever the type of burner, there are certain principles of operation which 
are common to all. In spite of burner construction, the resultant success of an 
installation will depend to a great extent on the facility to operate, the ease of 
operation and extent to which average labor can intelligently carry on the work 
of the fire-room without unnecessary supervision and training. Ideal burner 
construction should permit, at all times, of easy installation, rapid inspection, 
facility to remove quickly foreign matter which may tend to clog it and cheap 
re})lacement of ]3arts. It may also be said that the ideal burner should show no 
dillerence in operation and its ability to atomize whatever the grade of oil being 
fired. It should handle the heaviest crude oil, properly pre-hcated at the requi- 
site pressure, as easily and cleanly as it would fire a high-grade refined fuel oil. 
The location of a burner in the furnace is of vital importance in its relation to 
the localization of heat on the heating surfaces. At no time, whatever the oper- 
ating conditions, should the flame impinge directly on any part of the heating sur- 
faces. 'I'he results of such will be the burning out of such surfaces, premature 
cooling of the gases and a consequent decrease in efficiency. 

lloRSEPOWKK CaCACITV OF HuRXEKS. 

The ijiiestion of forcing burners is particularly ])ertinent frequently to the 
oi)erating engineer who may have to meet ]>eak loads with insufficient equijnnent. 
Forcing the burners can be done, but it is generally looked upon as bad practice, 
particularly with .steam or air-jet burners, due to the excessive amounts of steam 
or air required for atomization. ( Hher detrimental features are incomplete 
combustion, poor distribution of heat, burning of tubes and high stack tempera- 
tures. It is therefore most economical in the end to calculate for burner caj)acily, 
if possible, to meet peak loads without the necessity for frequent or continuous 
forcing. 

i'he horsepower capacity of burners is a subject of wide variatit)n, due to 
the many types of burners on the market and the furnace designs they may be 
installed with. Rough average figures are, however, quoted as a general guide to 
the engineer in judging the approximate suitability of his installation to meet 
existing conditions. A good steam-jet burner, properly installed in a well- 
designed furnace, should show a capacity in the neighborhood of 400 horsepower. 
Air-jet burner capacity is so variable that no figures are quoted. Horsepower 
capacity of mechanical-pressure jet burners is lower than for steam-jet burners. 
Fair figures would range in the neighborhood of 200 horsepower each. In every 
case, however, burner horsepower capacity will be entirely governed by the num- 
ber of burners in use, their tyi>e, the furnace design, and total furnace volume. 
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Care of Burners. 

The care of burners is an important factor if they are to be expected to 
operate to give the results required. When not in use they should be lightly 
coated throughout with lubricating oil to prevent rust, and stored where free from 
dust, damage and unnecessary handling. Prior to using, and periodically, after 
being installed, all burners should be disassembled as completely as possible and 
well cleaned with kerosene. Care should be taken to remove particles of carbon, 
especially from the tip, inasmuch as these will cause a dirty, streaky flame with 
corresponding loss in efficiency. It has been the author’s practice to clean me- 
chanical-pressure jet burners daily in marine operation. The frequency for 
cleaning steam or air- jet burners will depend largely upon the type of burner 
and its simplicity. This should best be determined from experience and the 
appearance of the flame. Where burners become clogged with foreign matter 
they should be immediately cut out, removed and blown through with steam. 
The most prevalent cause of clogging of burner is carbonization of oil within 
the burners due to overheating, or the entry of sediment due to faulty straining. 
Burners should never be cleaned or wiped with waste or cloth liable to shed lint, 
inasmuch as shreds are oftentimes the original cause of ultimate clogging, espe- 
cially if the tip or orifice of the burner be rough in any place. It is well to lest 
burners periodically, say monthly or more frequently, for leaks at joints, etc., l)y 
use of water pressure at the same pressure as the oil being fired. Such a test 
apparatus will depend on the facilities at the plant. Usually a length of high- 
pressure hose coupled to a feed pump and the burner to be tested will give the 
adequate water pressure. Leakage at burner joints or valves .should be promjaly 
corrected, inasmuch as the fire hazard will be materially increased if they are 
allowed to continue. 

The amount of oil fuel burned per burner per hour is a variable dependent 
on air supply, draft, type of burner and the grade of oil. It is interesting to note 
certain figures, as a general guide to the engineer. \avy destroyer ])ractice 
under forced draft has shown in the neighborhood of 500 pounds of oil ])er 
burner-hour. Marine practice may be quoted at between 300 and 4(X) j)ounds. 
Stationary practice under normal conditions will range between 200 and 350 
pounds per burner-hour. ^ 

Desk;n and CoN.sTkurTD^N OF THE Fur.nace. 

Furnace design plays a most important part in the efficient burning of oil 
fuel. In fact, no matter how suitable the burner and the methods of firing the 
oil, proper results cannot be obtained in a furnace not suitably designed and 
constructed for the use of such fuel. In all cases furnace volume should in- 
crease in the direction in which the oil is being fired to insure suitable mixing 
of oil with the air for combustion, adequate expansion and the complete com- 
bustion of the resultant gases prior to their coming in contact with the tubes. 
The ideal furnace or combustion chamber should be so designed that burning 
particles of fuel will be entirely consumed therein, before they are carried to 
and in contact with the relativdy cooler parts of the boiler heating surface. 
For the water-tube type of boiler a flat flame is generally preferred ; for the 
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Scotch (or fire-tube) boiler the conical flame will give the best results. Fur- 
nace design should be so calculated relative to the number of burners to be used, 
that the flames from adjacent burners do not interfere. 

Furnace volume plays an important part in furnace design. The actual 
volume to be occupied by the burning gases has been termed by Mr. E. H. Pea- 
body in his paper “Oil Fuel” as the “effective furnace volume.” He further 
states that “In the burning of oil ‘furnace volume’ has the same significance that 
*grate surface’ possesses in coal-burning installations.” In the water-tube boiler 
a unit furnace volume of 60 to 80 cubic feet per burner has been found to give 
good results. Yet the calculation of this factor will vary greatly, dependent 
on the ty])e and size of burners to be used, the draft to be carried, and the prob- 
able demands on the plant. In all cases, however, the total volume of furnace 
and combustion chamber, whatever the type of boiler, should be calculated as 
the “effective furnace volume.” For the Scotch (fire-tube) boiler, furnace 
volume is not such an important factor. Such boilers generally carry one burner 
per furnace: there is no danger, therefore, of flame interference, and the volume 
is generally adequate for the average burner. 

Rate of Comhustiox. 

The above term, in itself, is j)erhaps misleading, as to its real purport in the 
efficient burning of oil fuel. In effect it may be stated as the rate at which the 
oil should be supplied to the burner, under proper pressure and temi)erature, in 
order to insure complete combustion within the furnace before the gases come 
into contact with the heating surfaces. Failure to arrive at this will probably 
result in the flame being extinguished from time to time with a tendency for re- 
ignition in the flues, uptake or stack. To avoid such a condition the combustion 
chamber volume should be am])le to afford complete combustion and a suitable 
length of gas travel under peak load conditions. 

I'he rale of combustion will be governed primarily by the oil ])ressure. oil 
temj)erature, the volume and velocity of the air supplied for combustion, and the 
number of burners being used. As has been stated above under “Pressure of 
Oil to He Fired,” it is considered best practice to vary the rate of combustion 
by increasing or decreasing the number of Imrners, and maintaining the oil 
j)ressure and temperature constant whenever j)ossiblc. W hen this is done the 
air suj)ply must be varied accordingly, as judged by the condition of the smoke 
at the stack, the flue gas analysis or CO. recorder, if such apparatus is installed, 
and the appearance of the flame, (ioverning the rate of combustion by means 
of the burners will result in a more uniform distribution of the flame. W’her- 
ever possible, if varying sizes of burner tips are kept in stock, the rate of 
combustion can eflfectively be varied by changing the tips, using a larger tip 
for increased demand for steam, or 7*ice versa. In every case where a number 
of boilers are in use the number of burners being used per boiler should be the 
same in order that approximately the same evaporation may be realized from 
each boiler. 
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Straining of Oil Fuel Prior to Firing. 

Due to the prevalence of a certain amount of base sediment in all oil fuels^ 
and the relatively small orifice at the tip of the oil burner, care should always 
be taken to pass the oil through a suitable mesh strainer (about 40 mesh) before 
firing. Many designs of burners have a strainer fitted within the body of the 
burner. Whether such is the case or not, independent strainers installed in du- 
plicate should be a part of the system located between the burners and the oil 
heater. Strainers, so installed, should be cleaned at least once every twelve 
hours by dipping in kerosene and blowing a steam: jet through the mesh to dis- 
lodge particles of foreign matter. The frequency of cleaning strainers should 
be determined by the engineer, based on the grade of oil being fired. 

Furnace Lining. 

One of the primary functions of the refractory brick furnace lining in a 
water-tube boiler is that it serves as a medium to radiate heat to maintain the 
requisite furnace temperature, and assist in the combustion of oil fuel. It is 
generally an accepted fact that the water-tube boiler is better adapted for the 
use of oil fuel than the Scotch (fire tube) boiler, due primarily to this very 
lining, the incandescence of which plays so important a part in the maintaining 
of adequate furnace temperature. Such brickwork should be of the best quality 
refractory firebrick capable of standing a continuous temperature in the neigh- 
borhood of 3000 degrees Fahrenheit, \\1iile less is demanded of the brick- 
work in a Scotch boiler furnace, inasmuch as its location is limited to the front 
of the furnace in a cone surrounding the burner, and in certain insiallations to 
the junction of the furnace with the combustion chamber, yet it is not gfxxl 
practice to use an inferior grade of brick due to need for more frequent rej)lace- 
ment. 

In setting up firebrick lining in any type of furnace, suitable allowance should 
be made for expansion at the joints. .\ cement wash surface is recommended 
throughout to serve as a protection to the brick edges and joints, though not 
essential to proper operation. Any high-grade cement wash will gi\e the de- 
sired results on the brick walls, etc. On new walls cement wash should not be 
applied until the furnace has been thoroughly heated to insure complete drying 
of bricks and mortar. After the furnace has been allowed to cool until the 
walls are comfortable to the touch, the cement wash should then be applied. For 
the bottom, broken glass .scattered about will afford a cheap and effective glaze 
after the furnace has been subjected to combustion, the glass melting, spreading 
over the floor and filling the cracks. 

In Scotch boiler furnaces the firebrick cones surrounding the burners should 
be kept perfectly round and smooth in order to jirevent the flames from striking 
on any projections and causing smoke. In every case the cone .should be a circle 
concentric with the burner tip. In all types of furnaces the firebrick work 
should be carefully inspected whenever a boiler is cut out, and all holes patched, 
cracks filled up, loose brick either replaced or reset, and cement wash renewed. 
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Rules for the Prevention of Casualties. 

In the everyday operation of an oil-fuel burning plant there are certain 
axiomatic rules which must be adhered to at all times in order that the safety 
of the plant and its operators may be assured. The term ‘‘casualties'^ is perhaps 
the most appropriate to apply to accidents which might result directly from the 
careless handling and burning of oil fuel. In general, they may be confined to 
explosion and fire. Explosion may be caused by neglected leakage, accumu- 
lation of oil vapors in unfrequented places, and flarebacks within the furnace; 
ignition in the first two cases being caused by contact with a naked flame, flash 
or spark of some nature. Fire ma\ be considered to ])e the result of explosion in 
practically every case. Flareback as a cause of explosion is probably the most 
general operating casualty to guard against. It may or may not be serious, 
depending entirely on the extent of the explosion within the furnace, and the 
amount of explosive oil vapor present in the furnace. In general, it may be 
said to occur when lighting up, due to the accumulation of oil va])ors within 
the combustion chamber occasioned by leakage from the burner tip. 

The most general rules for safe operation arc outlined as follows: 

1. Do not allow leakage of oil to continue at any point whatsoever in the 

system. 

2. Do not allow spilled or leaked oil to accumulate; wipe up immediately. 

3. Do not allow oil vapor to accumulate in a furnace. It is well to blow 

the latter through with steam or air before lighting off a burner. 

4. Do not sta^nd directly in front of a burner when lighting off. It is 

best to use a torch at least four feet long, and to stand at one side 
of the burner so that in case of flareback the chances of personal 
injury will be as slight as possible. 

5. Do not relight a burner from a hot furnace wall. 

<). Do not leave a burner vaHe turned on. Should the flame be extin- 

guished through any accidental cause, close this valve immediately, 
otherwise danger of flareback on re-lighting will be j)rcsent. 

ViA ' E-i k\s Analysis. 

It is not intended to go into detail in regard to the matter of flue-gas 
analysis, but rather to touch briefly on the pur])ose and importance of such tests 
and the results they should lead to In effect the flue-gas analysis indicates the 
ilegree of combustion obtained, i. e., low Ok, with a high percentage of oxygen 
and little or no O) indicates excess air. Low O >., with high O) indicates in- 
complete combustion. To obtain good combustion the percentage of Q). should 
be around 14 per cent — and never below 11 per cent; with such percentage of 
O).. the amounts of o.xygen and O) will automatically be within the desired 
low limits. 

The installation of a O recorder is a valuable adjunct or sup])lement to 
the flue-gas apparatus. Either or both the above instruments should be part of 
the plant equipment in order that most efficient results may be obtained. W ith 
the installation of a CCL recorder, by watching this and the character of the 
flame, as explained above, the engineer may feel sure that he is following best 



282 


practice in the operation of his fireroom. The bonus system is in force in many 
up-to-date plants, where a definite minimum percentage of COo is specified and a 
flat rate paid to the fireman thereon. For any saving over this minimum, and for 
a higher percentage CO. gained up to normal limits, a bonus is paid to the 
firemen who obtain the same. 

Standardization of EguiPMENT. 

Wherever possible oil-fuel burning equipment should be standardized in order 
to arrive at the highest general plant economy, and facility for making rejiairs. 
The purchase of both original and replacement equipment should be made with 
a view to ease of installation, adaptability to the plant, ease of obtaining spare 
parts, cost, and the general reimtation of the equipment concerned to do the 
work required of it. 

|R. S. N.] 


Chemical Control in the Beet Sugar Industry.* 

By S. [. OsnoRN.^ 

The chemical control of a beet sugar factory may range from almost nothing 
up to the work performed by a large and highly-complex organization. It is 
the purpose of this paper to give some idea of the activities of a chemical depart- 
ment of the latter type. 

The beet sugar chemist was formerly a poorly paid individual who was ex- 
pected to do a certain amount of laboratory work with the help of ])erhaps one 
or two assistants. He was frequently a man of very limited technical educa- 
tion, and, owing to the fact that a beet sugar factory operates for only three or 
four months during the year, the chemist was often considered of not sufficient 
importance to be kept on the payroll after the end of the campaign, or o|>erating 
season. Naturally this did not conduce to the development of a high grade of 
work or to the standing of the chemist in the indu.stry. 

In some companies of sufficient size the chemical control work is now han- 
dled by a specially organized chemical department, entirely independent of the 
operating department, although the two naturally enjoy intimate relations and 
must work in close cooperation to achieve the best results. This system has 
many advantages. Not only does it relieve the operating department of respon- 
sibility for a highly technical line of work, but it puts the results on a basis where 
they are free from even any suspicion of bias or irregularity, and facilitates the 
introduction and use of uniform methods of analysis and control at all factories 
of the organization. Naturally it does not pay to develop an elaborate system 
of chemical control unless the oi>erating and engineering departments are also 
sufficiently developed to use and apply the data, and the growth of the several 
departments will therefore go hand in hand. 

* Bead at the 59th Meeting before the Sugar Section of the American (’hemieal So- 
ciety, St. Louis, Mo., April 12 to 16, 1920. 

1 The Great WeMtern Sugar Company, Denver, Colorado. 
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, Mrthoijs of Chemical Control. 

While the beet sugar manufacturing process is not a highly complicated one, 
as chemical processes go, it is doubtful if any other manufacturing process is 
so closely and thoroughly controlled at every stej) by the chemical laboratory. 

An important factor in the development and application of chemical con- 
trol in all branches of the sugar industry is the extent to which rapid and reliable 
control methods have been worked out. The polariscope, which has supplanted 
the older, time-consuming, chemical methods for the determination of sugar, 
is the ])rincipal and indispensable tool of the sugar chemist, and it is not too 
much to say that without it the sugar industry would still be in the dark ages. 

The Brix hydrometer and the refractometer have similarly proved of great 
value for the estimation of the apparent dry substance, which, together with the 
polarization, establishes the “apparent purity,'* a figure which is a sine qua non 
in the operation of a sugar factory. Many other methods could be described, 
if time permitted. 

To avoid the impression that the laboratory work may be of a wholly super- 
ficial ciiaracter, it should be stated that the rapid methods are used to handle a 
large volume of work and yield immediate information, but enough work is done 
by the most reliable methods known to furnish all the fundamental information 
which is believed to be of value. 

Scoff, of Chemical Defartment. 

In our organization the chemical department has a wider field than its name 
might strictly indicate. It issues and is responsible for almost all of the im- 
portant operating reports, other than financial, and keeps a detailed set of records 
for lliis pur])f)se. It secures all the necessary data for the calculation of extrac- 
tion lo>ses. The chemist is therefore responsible for testing the automatic beet 
scales, for weighing the molasses, and for obtaining accurate records in general 
throughout the factory. Naturally the laboratory is called on for information 
and advice in solving the numerous technical problems which arise, and its 
assistance can be of the greatest value. 

I'he chemical department also accumulates a great mass of data which is 
of the nature of general information and may not be of immediate application, 
but nevertheless has a great potential value. In the first place, it furnishes a 
record of many campaigns* experience by which new technical questions may 
in many ca.ses be answered and future policies may be decided, and, in addition, 
it has been our experience that from such data general laws ha\e been deduced 
whicli have been of the utmost importance in their application to prevailing con- 
ditions. t )ne of the problems of the chemical department is the question of the 
extent to which work that does not have an immediate application shall be car- 
ried out. 

Work of a Chemical Department. 

Some figures on the amount of work done in the laboratory of one of our 
beet sugar factories may be of interest. The amount of work is dejiendent not 
so much on the size of the factory as on whether or not it is equij.ped with the 
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Steffen process, or with a gulp dryer, or with both. The following statement 
shows the approximate number of the common tests made per 24 hours in one 
of our average laboratories : 

200-300 Polarizations. 

150-200 Apparent purity determinations. 

125 Brix determinations (reported). 

175-225 Alkalinity determinations on juices. 

60 Determinations of Ca() by titration on lime cake, lime, etc. 

30-60 Determinations of CaO by soap solution. 

225 a-Naphthol tests on condensed waters. 

200 Temperature readings in the factory. 

Each factory also maintains a special beet laboratory, the work of whicli has 
coiiS)isted of from 1(X) to 500 polarizations per day of beet samples of 25 lbs. 
each. If the beet growers are paid on a sliding scale based on sugar percentage, 
as was formerly the case, the beet laboratory tests determine the basi*^ of pay- 
ment to the farmer. Otherwise the tests are made as a matter of information 
for the agricultural department, as it is important that it should have accurate 
data on the quality of the beets, not only as a whole, but also in difterein dis- 
tricts and at different periods of growth. 



(»rc;ani/atiun Chart 


Person NKL. 

The personnel of the laboratory organization at a single one of our fac- 
tories varies in number from 22 up to 42, who, with a few exce])lions, work in 
8-hour shifts. The accompanying organization chart will explain how the work 
is handled. 

The Cieneral Chemist is the head of the department. Directly under him 
are five Traveling Chemists, each of whom has supervision over the work of the 
department at three or four contiguous factories and has his head([uarters at 
one of the factories with which he is connected. The Chief Chemist, who in 
turn is responsible to the Traveling Chemist, is the head of the local factory 
organization and has no routine duties. There are three Assistant Chemists at 
every factory, one on each shift. The Assistant Chemist has charge of the lab- 
oratory employees on his shift, and in addition has a certain amount of analytical 
work, and work in the factory such as the supervision of the sampling, the test- 
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ing of the beet scales, reading of meters, etc. The Bench Chemists, of whom 
there are three or four on each shift, perform the routine tests, while the Analyst 
takes care of the extra analytical work demanding a higher degree of skill In 
some cases the Assistant Chemists handle all of this work and there are no special 
analysts, while in other cases, where the volume of work is greater, one or two 
analysts are employed. The Boiler House Control Man collects samples of coal 
and ashes, makes flue-gas analyses, and secures various data in the boiler house 
from which a complete heat balance is calculated every day. 

The Chief Chemist has charge of the laboratory clerical work, for which 
purj)Ose two to three clerks are employed; this is by no means a small part of 
his responsibility. He also supervises the work of the beet laboratory, which 
has been j)reviously described. 

( )ur customary intercampaign laboratory personnel at each factory con- 
sists of the Chief Chemist and one or two Assistant Chemists. From this nu- 
cleus tliere must l)e built up every year for the campaign work an organization 
of the kind just described. The beet sugar industry has its peculiar problems 
and tliis is one of them. It should be remembered that this organization prob- 
lem is one that has to be met not once in a long period of time, but is a yearly 
part of the work to which the Chief Chemist has to look forward. To get a new 
laboratory organization working smoothly in a short period of time is by no 
niean> an easy task and demands a high degree of executive ability in addition 
to the technical knowledge required. 

[R. S. X.] 


Two Big Feed Economies. * 


.\n Illinois Far.mek’s Plan. 

I ha\e seen a good many plans that were used to save time in feeding hogs, 
but in M)me cases I have found that the value of the time saved was more than 
lost in feed that was wasted. So 1 worked out two plans which save both time 
and feed. Both of these plans are pictured on the following page. 

In one of the pictures you see the hog troughs being tilled. The feed-saving 
idea shown in this picture is the gate which holds the hogs away from the trough 
until the trough is tilled. 11iis idea is somewhat similar to that used in many hog 
houses, but still it is sufiicietuly ddi'erent to be im[X)rtant. As you will see from 
the pictures, the hog troughs in each lot are placed with one end to the outside 
fence. The hog troughs are made of concrete. There is a concrete alleyway 
between them, and a concrete platform around them. Two troughs for two 
adjoining lots are made together. The troughs are made higher on one side 

* System on the Farm, March, 1920, 
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Showing^ Gates in Both J*ositions. 

At the left, the hook holds the 
^ate in jdaee while the feed is 
poured into the trou^^h. The other 
trough is aeeessible to the pigs. 


Slop and Dry Feed Without Loss Through Waste, 
(’onerete and wooileu platforms save slop and dry 
feed from being tramped into the ground. The sidf 
feeder platforms are reinforeed by strips of I’-by 4. 
In the Imekgrouml art‘ sun shndt's for summer. 


than on the other, so that it is practically imj)ossil)le for the ])igs to root their 
feed out over the top of the trough. That is one feature of the feed-saving ])laii. 

A concrete platform in front of the trough prevents a mud hole being 
formed around the trough, and if any feed should droj) out, it would be caught 
on the platform and the hogs would later pick it up. Sometimes a hog will take 
a big mouthful of feed in his eagerness to get his share and droj) part of this 
onto the platform in front of the trough. 

( )ne of the biggest wastes in feeding is due to ])art of the slop being poured 
onto the heads of the hogs, where it serves no good purpose, 'riiis hapi>ens 
because the feeder has to fight with the hogs to get the feed into the trough^. 
I he big gate that .swings over each trough keeps the j)igs away until the troughs 
are well filled. The device that controls this gate is a little different from other 
devices of this .sort that 1 have seen. You can see that it has a hinged metal 
handle made of two pieces of strap iron. The two pieces are bolted together 
and the bottom piece is bent as shown in the ]>icture, so that it will hook over 
the edge of the trough. W hen it is hooked over the outer edge of the trough 
the gate is held out of the way .so that the pigs can eat. W hen it is hooked over 
the inner edge of the trough the gate is held in front; of the trough so that the 
pigs cannot get in. The operation of this device is very simple. 

After you have wallowed thiough the mud in a hog yard trying to feed 
your i)igs, I am sure you will aj)preciate this plan, especially the concrete floor 
part. It isn’t neces.sary to change the location of hog lots as it is necessary to 
change the location of sheep pastures, .so j)ermanent equipment like this can 
profitably be made. There is a drain in each trough so that any water that is 
left may be readily drained out. Sometimes we wash out the troughs, bur they 
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very seldom get dirty, because there is never a mud hole around them. The 
pigs' feet are usually clean when they put them into the troughs. 

I think the details of this feeding jdan are all made plain in the pictures. 
You can see that the fence around the alley is made of two-inch stuff so that it 
will be strong enough to hold back the pigs. The hinges on which the swinging 
gates are mounted are bolted to the gates instead of fastened with screws. This 
holds them more firmly. It would not take long for the hogs to work the screws 
loose, but the bolts remain in place no matter how much the hogs work at the 
gates. The ])arts of the gate are also bolted to the upright pieces. 

1 u.se a barrel cart that ])ermits using different barrels. I have a cover for 
each barrel .so that I may fill it quite full without having the slop sj)ill out. This 
cover is hinged to the back of the barrel, so that it is never lost or misplaced. 

IJ. A. V.] 


Kudzu.* 


By C. V. PieEK.* 

De.scriitio.s of Ki'Dzr. 

Kudzu {Pucraria thunbenjiana ) is a large-leaved, woody, leguminous vine, 
native of Japan. It grows with remarkable rajfidity. It thrives well in the 
eastern half of the United Slates and .survives the winter as far north as 
Xova Scotia. It succeeds in various types of soil, but u.sually better where it 
is clayey than where .sandy. W here the summers are warm and moist it grows 
with great luxuriance. Kudzu is a most excellent vine for arbors and porches, 
for which purj)ose it is commonly cultivated in most of the southern cities, under 
favorable conditions of sup])ort climbing to a height of 70 feet or more. The 
leave> resemble in a general way those of the common bean, but they are larger, 
angularly lobed. and tougher in texture; the stems and leafstalks are somewhat 
hairy. As far north as Philadelphia the vine will bloom, but only occasionally, 
and then late in the summer or early in the fall. 'I'he blossoms are purple and 
hang in .short clusters ( l"ig. 1 ). The pods are thin, \ery hairy, and very rarely 
mature in the latitude of W ashington, I). U. 

I'he Japanese utilize kudzu in many ways, growing it es])ecially on rough, 
rocky land or hillsides too .steep to be cultivated and using it for pasture. The 
fiber of the stems is u.sed largely to make a .sort of cloth known in commerce as 
“grass cloth.*' \’arious other articles of utility, such as ])ortmanteaus, are also 
made from this fiber. The thick roots are rich in starch of a high quality, which 
is extracted and used for human food, especially to make cakes and noodles. It 
is .said that kudzu in former times played an important part in periods of 
famine. For .starch making the roots are dug after the leaves fall in the autumn 
and before the buds burst in the .spring. The Japane.se also make hay from 

* V. S. Dept. Agr. Cir. S9. 

1 Agropfologist in Charge of the Oftiee of Forage t'rop Investigations, Vnited States 
Department of Agrieulture. 
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the kudzu vine, especially to feed to sick horses, as it is said that they will eat 
this readily when they refuse other food. It is more generally fed green. 

Although kudzu has been grown in the United States for many years, at 
least since 1876, it is only in recent years, owing to the work of Mr. C. E. Pleas, 
of Chipley, Fla., that interest has been created in it as a forage crop. Attracted 
by the remarkable luxuriance of the plant and the fact that horses and cows ate 
the leaves greedily, he cured some as hay, which he found was equally palatable 
to the animals. He then planted a small field, probably the first of the kind 
ever established in this country. Under field conditions kudzu .sends out long 
prostrate branches which root at many of the joints, from which arise a.scending 
twining branches, the whole making a dense mass of herbage 2 to 4 feet thick. 
Eventually, separate plants develop, as the prostrate runners usually die between 
the rooted joints. Such a field when full grown presents much the appearance 
of a dense crop of cowpeas, soy beans, or velvet beans. 



Fig. 1. Kudzu in Bloom. 


Kudzu when well established covers the field with a dense mass of herbage. 
Seeding is too expensive to advise and is generally unsuccessful. Setting the 
rooted plants in the field where they are to be grown is the best method. The 
plants, however propagated, are set about 10 feet apart each way in the field. 
They succeed best if put out very early in the spring. During the first .season the 
trailing runners cover the ground ; the second season good crops are secured, 
but usually the largest crops are not obtained till the third season and subse- 
quently. A crop of corn, soy beans, cowpeas, or peanuts can be grown between 
the rows of kudzu during the first season and thus avoid losing the use of the 
land. As kudzu is a long-lived perennial, it is advisable to plant it only where 
the field can remain in this crop for several years. Young plants are sometimes 
severely injured by rabbits. 
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Seed. The seeds of kudzu do not germinate very well. If used, they should 
be planted in a well-prepared seed bed and the plants transplanted very early in 
spring after they are well rooted. 

Cuttings. Kudzu may be propagated by cuttings, but under field conditions 
a large percentage fails, so the method can not be recommended. The best 
success with cuttings has been secured by using well-ripened wood and setting 
out very early in the spring. 

Transplantings. A new field of kudzu is best established by the transplant- 
ing of well-rooted plants. 

Grazing. 

Kudzu may be utilized as pasture, but should not be grazed too heavily; two 
fields should be provided, to graze alternately. Some farmers allow the crop to 
grow until the dry season of the fall, when other jiasturage is likely to be scant. 
There is some evidence that continuous light grazing will give more feed than 
alternate heavy grazing. 'I'he croj) is best j)astured by cattle, as hogs are in- 
clined to dig out and eat the starchy roots : indeed, hogs may thus be used to 
eradicate a field of kudzu, when this becomes desirable. 

SoiLlNi;, OR (iKEExN FEEDING. 

Kudzu is excellent for .soiling, as was shown by the experience of the 
I.ouisiana Agricultural Experiment Station. During an extremely dry period 
the only green forage available was furni>hed by the kudzu fields. 

Hav. 

Some fields in northern Florida after becoming well established have yielded 
three cuttings of hay a season, and yields as high as 10 tons per acre have been 
reported. In other fields, the total yield has been smaller than that of velvet 
beans. At Arlington Farm, \’a., kudzu was harvested and cured in the same 
manner as cowpeas and an excellent quality of hay obtained. Curing frames 
were used also, and if properly cocked kudzu hay sheds rain without the use of 
any topping material. In fact, some of the hay was left in cocks all winter, and 
when opened the following si)ring was in excellent condition ; only the outside 
was brown and weathered, the forage within being of a bright-green color. Kudzu 
can be cut readily with a mower. The hay cures more easily than most legumes, 
as the leaves are less juicy. 

The first mowing of a field, however, is sometimes difficult, as the first 
crop is more tangled than succeeding ones. A good device to use in very 
tangled crops is an old scythe blade fastened vertically to the end of the cutter 
bar. The first crop produced is also likely to be difticult to rake, as the trailing 
stems along the ground are still strong; therefore it is often better to use a fork 
and make piles or rolls not too large to pitch on to a wagon. There is practically 
no shedding of the leaves in curing. 

Feedini; \'\lue. 

Chemical analyses indicate that kudzu is very nutritious, being comparable 
to clover and alfalfa. The leaves, however, are considerably tougher. Horses, 
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cows, and sheep eat the green leaves readily, as well as the hay. The actual 
value of kudzu as a feed, either for meat or for milk production, remains to be 
determined by experiment, but there is little doubt that it is high. 

Suggestions. 

In view of the limited experience with kudzu, it is wisest first to make an 
experimental planting of a small area. The plant will probably succeed nearly 
everywhere in the eastern United States, but it is doubtful whether it will prove 
to be profitable on high-priced land. If plantings are made, the kudzu must 
occupy the land for a period of years in order to be profitable. 

The Japanese plant it extensively on steep slopes and other untillable land, 
using it mainly for pasturage. In this country little success has thus far been 
secured by planting on uncultivated land, but there is need for many more trials 
of this sort. 


III. ]\ A.) 
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The '‘Japanese’* Beetle is Chinese. 


By F. Muir. 

For many years we have called our local pest by the name of “Japanese 
beetle/' believing that it came to us from Japan. This came about through the 
first specimens that were sent away for identification being identified as Adoretus 
tcnuimaculatus, a beetle only known from Japan. Recent investigations have 
shown that our local pest is not this species, but Adoretus sinicus, a beetle known 
from China, Annan, Formosa, Java, and Timor, as well as Hawaii. 

The genus Adoretus contains from 150 to 200 species from all parts of the 
world which are all about the same size and mostly very similar in appearance. 
It is only by recent anatomical researches that the species have been satisfactorily 
distinguished and numerous wrong identifications, like our own, rectified. This 
shows the value of purely scientific research to economic work. For parasitic 
work it is necessary to know the native home of a pest, and a wrong identification 
might send a jierson off to a wrong quarter of the world to search for parasites. 

The common species in Japan, Adoretus tcuuwiaculatus^ flies and feeds by 
day and not by night, so I previously concluded that ours had changed its habits 
since its introduction in Hawaii. Now we know that it is a distinct species, with 
a distinct feeding habit. 

And for our understanding of these things we have to thank the scientific 
inve.stigator whose only ambition w^as to find anatomical differences in these 
insects. 






PIG, 1, A cane stool grown from a single seed of H 100. 
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The Cane Plant.* 


By H. L. Lyon. 

A cane plant begins its career as a single shoot or culm arising through the 
germination of a cane seed or the sprouting of a single eye on a cane cutting. 
As the primary shoot develoj)s, secondary shoots arise through the shooting of 
the basal eyes on the primary shoot. Stalks of the third, fourth and succeeding 
categories may arise as part of the same plant through the shooting of the lower 
eyes on stalks of the preceding category; that is, secondary shoots arise from 
primary shoots, and tertiary shoots from secondary shoots, and so on. 



FI(i. ' 2 . of stool, showing: ori«:ni of ciilnts. 1 — primary stick: 2 — secondary sticks; 

.3 — tertiary stick; 4 — j)oint of attaclinieiit to seed piece; p.l, — jrround level. 

(^n the plaiUalions the term “stool** is commonly applied to any clump of 
shoots arising together in a compact group or cluster. Such a clump of shoots 
may include two or more plants, as it may have developed from two or more 
eyes on one or more cuttings. To be absolutely correct we should use the term 
“stool’* to designate a single plant only. 

A cane culm or stalk is differentiated into nodes and internodes. The leaves 
are attached to the nodes and a single bud or eye occurs on each node in the axil 
of the leaf. Roots may also spring from the node. The internodcs are the 
smooth, cylindrical or barrel-shaped sections of the stem between the nodes. The 
internodes carry no appendages or outgrowths. 

A cane stalk elongates through growth at its tip only. The inception or crea- 
tion of new nodes and internodes takes place at the tip or growing-|)oint of the 


.V lecture delivered at the rniversity of Hawaii in the ’‘Short Course fur Plantation Men.” 
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stem ; a new leaf and new bud being formed as appendages of each node. Each 
new leaf develops as a tightly-rolled tube which pushes its way up inside the tube 



FIO. 8. 

Spindle of cane, 
with one side 
cut away. 


formed by the preceding leaf ; thus each stem carries at its summit a 
single upright roll or spindle of leaves from which the oldest leaf 
unrolls at intervals and falling away from the spindle begins its work 
as a mature leaf. 

A cane plant is anchored in the ground by branching roots which 
spring from the lowermost nodes of its culms, principally from those 
buried in the soil. (See Fig. 1.) Cane roots are cylindrical, pointed 
at their tips and more or less irregularly branched. In burrowing 
through the soil they meet with many hard obstacles and consequently 
bend and turn this way and that to get around the hard spots. They 
may also become very much flattened and distorted in order to enter 
narrow and tortuous channels in the soil. The younger healthy roots 
are more or less covered with fine soft hairs known as root-hairs. 

While we speak of the nodes and internodes as the two general 
regions to be recognized on a cane stalk, still there are certain areas 
within each region which are clearly marked oflf and which have special 
functions. 

The insertion of the leaf marks the basal 
end of each node, and we designate this the 
leaf-node. When a leaf drops off it leaves a 
narrow flange from the base of its sheath 
still attached to the leaf-node. This we call 
the leaf-scar. Just above the leaf-node is a ,x|i 
band of tissue with a more or less undulat- 
ing surface on which slight dome-like ele- 
vations mark the position of dormant roots. ciip*^ond 

This is the root-band. Directly above the 

root-band is a ring of tissue which by enlarging on one side more than 
the other may cause the stem to bend. This is the stem-node. 

On each node directly above the leaf-node and extending across 
the root-band is a single bud or eye. The eye is usually situated in a 
depression in the root-band, and this depression sometimes extends up 
into the internode above as the eye-groove. A band of white or grey 
wax usually extends around the upper end of each internode and is 
designated the wax-band. This wax is only superficial and may be 
scraped off without marring the internode. 

Two general areas are to be recognized in a cane leaf, the free 
portion being called the blade, and that portion which closely invests 
the stem being called the sheath. 

The blade is differentiated into a thick central strand, the midrib, 
and two lateral thin wings which are armed along their margins with 
sharp teeth. The wings of the leaf are filled with straight veins which 
run lengthwise of the leaf and quite parallel with each other. The 
course of these veins is not exactly lengthwise of the leaf, for they 
really diverge from the midrib, run out obliquely through the wing and 
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terminate at the margin of the leaf. When we look at the lower surface of the 
midrib we find that it is packed with veins, and if we follow up these veins we 
find that sooner or later they diverge from the midrib and pass out into the wing 
of the leaf. We can follow the veins of the leaf right down into the leaf-sheath, 
and, in fact, trace them back through its entire length to the stem. 

The sheath is attached to the stem at the leaf-node, the line of attachment 
running a little more than just once around the stem, or in other words the edges 
of the sheath run by each other or overlap. The leaf-sheath is thickest in its 
central portion, thinning out toward the margins. The auricle is a very thin tab 
on the inner or covered edge of the leaf-sheath. It is a more or less useless 
appendage and may or may not be present on the leaf-sheath. In some varieties 

of cane, notably Lahaina, the sheath is cov- 
ered on its outer surface with sharp hairs or 
bristles. 

The ligule is a thin flap extending across 
-^Rooh-iand the leaf at the upper end of the sheath. When 
the sheath is rolled up into a tube the ligule 
extends around the top of this tube on its 
inner side. There is usually present a row of 
hairs at the base of the ligule on its upper side. 

The dewlaps are more or less bulging, hinge- 
like areas between the sheath and the wings 
of the blade. They usually differ somewhat 
in color and texture from the blade above and 
the sheath below. They are often covered 
with silky hairs on both their outer and inner 
surfaces when no hairs are present on the 
sheath below or the blade above. The dew- 
laps give elasticity to the leaf, permitting it to 
bend more freely at this point without break- 
ing. 

W hen a cane shoot or culm is about to 
tassel it ceases to produce leaves and in their 
place elaborates a flower-spike or inflores- 
cence, a much-branched structure carrying a 
very large number of flowers. This tassel or 
arrow is pushed uj) through the center of the spindle and is eventually elevated 
well above the leaves, where it expands, opens its flowers and matures its seeds. 
When a culm flowers it converts its leaf -producing growing-point into a flower 
spike, and thereafter it can produce no more leaves or internodes and consequently 
cannot elongate further. Culms which have flowered can only show further 
growth through the shooting of their buds or eyes. Lalas are the lateral shoots 
produced through the shooting of the upper eyes on a cane culm. They are of 
frequent occurrence on culms that have flowered. Their internodes are usually 
short and hard. 

Having noted all of the organs of the cane plant, let us examine the internal 



\r—5tem-rwde 
X — Wax^t^nd 


FlC. 



FIG. 6. TaH8cl of Yellow Caledonia cane. 
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structure of the more essential organs as far as we can distinguish these struc- 
tures with the naked eye and a low-power magnifying glass. We will first make 
a cross-section or thin slice of the stem through an internode, and examine it by 
holding it tip to the light. (See Fig. 8.) In this .section we can readily distin- 
guish several areas or kinds of tis.sue. The rind is the outer hard shell of the 
stalk. It has to supply strength to support the stem and protection to the softer 
tissues within. Then there are numerous darker or denser spots scattered all 
through a white, pithy tissue. These spots are the fibers of the cane in cross- 
section. and the while pithy tissue is the ground tissue or cortex. It is in the 
ground tis.sue that the reserve .sugar of the plant is stored, and it is mostly from 
this tissue that we obtain the sweet juice when we crush the cane. Now let us 
take a jiiece of a stick consisting of two or three nodes and as many internodes 



and splitting it lengthwise see how these same tissues appear in longitudinal sec- 
tion. In the first place the rind looks very much as it did in the cross-section, 
and no difference at all can be seen in the ground tissue. The fibers, however, 
are now seen lengthwise, and we find that they e.xtend as straight strands through 
the ground tissue of the internode from node to node. In the node they branch, 
the branches bending one way or another to unite with branches of fibers which 
extend through the next internode, above or below, or pass outward into the leaf 
which stands on that particular node. If we examine a leaf-scar we can see the 
broken ends of the fibers which extended out into the leaf from the stem. If we 
examine the union of a leaf sheath and stem we can follow these fibers right up 
through the leaf-sheath and out into the blade of the leaf ; they become, in fact, 
the veins of the leaf. If we were to follow the fibers downward through the 
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stem we should find that they continue through all the nodes and internodes 
and finally connect with fibers which run out into the roots. 

The fibers constitute the water-conducting tissue of the plant. They enclose 
water pipes which are commonly termed vessels. In our cross-section we can 
actually see these vessels as tiny holes in the fibers. When we follow these fibers 
through the roots, stems and leaves of the plant we are following the course of 
the water pipes through the plant. This water pipe or water-vessel system is 
known as the vascular system, ‘Vascular'’ simply meaning vessel. Supposing we 
were small enough to get into these water pipes in a cane root; we could then 
travel upward in these pipes into the stem, and by following the proper branches, 
go to any node or internode of the stem or out into any vein of any leaf. 

The water pipes or vessels have rather thick walls of their own, but they are 
further strengthened by firm fibrous tissues around them, the resulting strand 
being called a bundle, and because it contains both fibrous and vascular tissue it is 
called a fibro-vascular bundle. The fibro-vascular bundles serve two main pur- 
poses in the building of the organs of the cane plant ; they contain the water-con- 
ducting system and they supply strength to the members. In the stem the ground 
tissue is easily crushed or broken, but it is protected on the outside by the rind 
and reinforced wdthin by the numerous strands or fibro- 
vascular bundles. The strength of the leaf is .supi)lied 
almost entirely by its fibro-vascular bundles. 

LIVING SUBSTANCE OF THE CANE PLANT. 

The actual scat of life in a cane plant is not in the hard 
parts of its members — stems, leaves and roots — ]>ut in a 
plastic, semi-fluid substance that lies in tiny chambers 
within these hard parts. 

^^?ano’ rhowing ” the living substancc is kiiown as protoplasm. 

diem*r fibers*"^ Hviiig substancc does not extend throughout tlie 

cane plant in one continuous, homogeneous mass, but is 
divided up into minute masses, each of which lies within a chamber, l^ecause 
these units of protoplasm reside in individual chambers they arc termed cells. 
The walls between cells are not absolutely solid, but are perforated by infinitesi- 
mally small holes through which slender strands of living substance connect the 
protoplasm of each cell with that of the adjoining cells. In fact, the protoplasm 
of the entire plant is connected up by living strands; in other words, it main- 
tains telegraphic communication throughout the entire living body. 

The walls of the cells are compo.sed of non-living substance which is manu- 
factured and molded into shape by the plastic living substance within. 

If we could separate the protoplasm of a cane plant from the non-living sub- 
stance of the plant without breaking down or otherwise injuring the cell walls, we 
should have, on the one hand, a shapeless mass of plastic material resembling in 
consistency the white of an egg ; while on the other hand there would remain the 
stems, leaves and roots of the plant still perfect in form but without life. The 
hard part of the culms, leaves and roots but constitute the factory building which 
the living substance of the cane constructs in which to carry on the work whereby 
it is able to live and perpetuate itself. 
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The relation which the living substance bears to the non-living substance may 
be easily understood by considering the sequence of events in a hen’s egg during 
incubation. The freshly-laid egg contains no hard parts whatsoever. It does 
contain a certain minute quantity of living substance situated on one side of the 
yolk, while the yolk and white of the egg are concentrated food materials placed 
there to feed the living substance when it begins to grow and build its own resi- 
dence or factory, which we call the young chick. 

Incubation causes the dormant living substance in the egg to start activities, 
and it begins to work over the available material, increasing its substance and 
supporting it by constructing cell walls. At first the cells are pretty much all 

alike in size and shape, each having only a very thin wall, 
but as the number of cells increases, some — because of 
their position and the work which they have to do in 
the completed factory or body — build thick, rigid walls 
of very hard material and become bone cells; others, as 
part of the intestines, build thin walls and assume a shape 
aj)propriate to their function. When the egg finally 
hatches the chick steps forth a highly complex mechanism 
supplied with bill, bones, nails, etc. — hard parts con- 
structed by the living substance out of the plastic mate- 
rials contained in the egg. There were no hard parts in 
the fresh egg, and no hard parts entered during incu- 
bation, yet the young chick is supplied with many struc- 
tures of a firm nature. 

W hen we come to study the origin and development 
of the cane plant in the ])rocess of reproduction we shall 
find that each new cane plant comes into existence as a 
single cell but without even a cell wall. It begins its life 
as a naked mass of protoplasm. From the very first it 
receives only liquid food, and from this food it elaborates 
additional living substance, increasing its bulk and build- 
ing cell walls of various shapes and thicknesses, depend- 

a rVm-’^Mair'sr.owing JUR ui«>n tlic work wliich they must do in the plant body. 

the huiulieH (»r fibers. 

('.ROWTH OF PKOTOPL.VSM. 

.N^)\v, a cane jdant. like every other living thing— jdant or animal — sustains 
its life and adds to its own substance or grows by taking into its system non-living 
substance and converting it to its own uses, cither adding to or repairing its own 
living sub.stance or building structures ( cell walls, etc. ) to su])port and protect its 
sub.stancc. 

Protoplasm is made up of a complex of chemical elements in combinations 
which we are unable to determine, for if we submit it to chemical analysis we kill 
it and it is no longer protoplasm. \\ e can, however, determine what elements 
enter into its composition, and these we find to be carbon, oxygen, hydrogen, 
nitrogen, sulphur, phosphorus, calcium, magnesium, potassium and iron 
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To grow, protoplasm must build new protoplasm out of non-living materials. 
Growth takes place through the building of new living substance out of non-living 
food materials. Additional protoplasm can come into existence only through the 
activities of existing protoplasm. Protoplasm is the only force that can create 
new protoplasm — “Only life begets life.’’ 

To build new protoplasm the existing protoplasm must have food containing 
all of the elements enumerated above. It requires them in very different quanti- 
ties, however, for carbon, oxygen and hydrogen comprise most of its bulk. 

All of the required elements occur in nature either singly or in simple com- 
pounds which are practically stable under natural conditions. In the living pro- 
toplasm they are put together in various complex combinations and compounds 
which are more or less unstable, and the protoplasm must do work, and hence 
expend energy, in order to force these elements together into these compounds. 

Growth of the protoplasm is simply a matter of building complex chemical 
compounds and complexes of these compounds out of the elements or simple 
compounds. This work is chemical work, and the protoplasm must find the 
energy to do this work, \\1iere does it get this energy? By simj)ly causing one 
complex compound to go to pieces and in so doing to give up its energy, which is 
then used in the building of others. \\"e do much the same thing in a simple 
way when we burn bagasse, which is a complex of compounds built up by the 
protoplasm of the cane plant, ^^^e cause the compounds in the bagasse to dis- 
organize rapidly into simpler compounds. This releases the energy which was 
expended in building up these compounds, and we then employ this energy to 
make steam which oj)erates the machinery in our mills, ^^'e release the energy 
stored up in the bagasse and convert it into mechanical energy which we direct 
to our own purpo.ses. 

When we explode gasoline in the cylinder of an engine, or powder in the 
barrel of a gun, we release chemical energy stored up in complex compounds, and 
convert it into mechanical energy. Protoplasm does much the same thing. It 
causes complex compounds to go to pieces and then employs the energy released ; 
in fact, it may do exactly the same thing, but under better control. It o.xidizes 
compounds and thus obtains energy, but it does it more economically than we do 
when we burn bagas.se, for we always lo.se a lot of the energy released. 

The growth of protoplasm is essentially chemical work, requiring cliemical 
energy to perform, so the protoplasm converts the energy, released Iw causing one 
set of compounds to disorganize into chemical energy, and employs it to build up 
the new chemical compounds and complexes of compounds which constitute living 
substance or protoplasm. 

fo grow, therefore, protoplasm must have the elements or compounds re- 
quired to build up its own substance, and, at the same time, it must have complex 
compounds to yield energy to do the work. To supply these needs, it must have 
food which furnishes all the.se requirements; the material to build with, and the 
energy to do the building. 

The protoplasm of an animal must have comi)lex compounds to begin with. 
The animal must therefore secure as food the highly organized compounds created 
by the protoplasm of some other animal or plant. Its only source of energy is in 
compounds already constructed. The protoplasm of a plant, however, has another 
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metliocl of turning available energy to its own use. It constructs a green sub- 
stance which we call chlorophyll. This chlorophyll, when exposed to sunlight, 
can convert the radiant energy coming from the sun into chemical energy. Chem- 
ical energy is thus made available to the protoplasm of the plant and it uses it to 
construct a complex compound, starch, which constitutes its chief energy-pro- 
ducing food. Starch consists of carbon, hydrogen and oxygen. These elements 
occur abundantly in nature as water and carbon dioxide. Water is a com])Ound 
of oxygen and hydrogen, while the air is composed in part of the gas carbon 
dioxide, which is readily soluble in water. Now, to secure its work-yielding food, 
the protoplasm employs the energy which it obtains from the sun through its 
chlorophyll to build uj) starch out of carbon dioxide and water. 

The leaves of a plant are the organs built for the very purj)ose of making 
starch out of carbon dioxide and water. In these structures the protoplasm con- 
centrates chlorophyll, and, bringing water and carbon dioxide together in its pres- 
ence, manufactures starch. Having secured the starch, it proceeds to use it just 
as the protoplasm of an animal does the complex compounds which it seizes as 
food but does not itself create. 

Protoplasm cannot build new compounds directly out of insoluble com- 
pounds. It must have its materials in soluble form before it can work them 
over under absolute control. Tiie protoplasm of a j)lant must even get the gas 
carlwju dioxide into .solution in water before it can use it in the manufacture of 
starch. 

Now, starch is an insoluble comj)ound, and so are many of the compounds 
which animal protoplasm seizes as food. In order to get these insoluble com- 
pounds into solution .so ii can use them, ])rotoplasni makes use of certain peculiar 
substances which we call digestive fluids, ferments or enzymes. Thc.se enzymes 
are non-living chemical tools constructed and operated by the protojdasm. They 
are of many .sorts, for each enzyme can digest only one type of compound. The 
protoplasm of our own bodies must produce an enzyme to digest milk, another to 
digest meat, another to digest starch, etc. 

Now, when the protoj>lasm of the cane plant constructs starch it must still 
digest this starch into a soluble compound before it can use it ; in fact, it is in 
exactly the same ])osition as the ])rotoplasm of an animal that has stolen starch 
from some plant for its own use. To dige.st its starch the protoplasm of the cane 
plant makes u.se of the enzyme which we call diastase. This enzyme causes starch 
to vhange over into a soluble comj)ound, cane-sugar or sucrose, which is the main 
source of energy as well as of carbonaceous food for the cane plant. 

(irowth of the protoplasm results from a .series of chemical processes con- 
trolled by the })rotoj)lasm itself. These processes entail the building up and 
breaking down and building up of compounds in endless sequence. All of these 
controlled chemical proces.ses are spoken of collectively as metabolism. 

In its metabolism the protoplasm of a plant constructs more compounds than 
it destroys. In its metabolism the protoplasm of an animal destroys more com- 
pounds than it constructs. 

The plant gets its chemical energy from the sun ; the animal gets its chemical 
energy from compounds manufactured by other organisms. 
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To live and grow, the protoplasm of the cane plant must have light, air, water 
and soluble compounds containing nitrogen, sulphur, phosphorus, potassium, cal- 
cium, magnesium and iron. 

From the light it obtains its energy or power; from the air it secures its 
carbon in the shape of carbon dioxide; and from the soil it obtains all the rest of 
its food materials in solution in water. 

The body of the cane plant — stem, leaves and roots — constitutes the factory, 
built by the protoplasm for the purpose of carrying on its life work, which is 
chiefly a matter of getting food. Its one great problem is to live, and in order to 
live it must obtain food. The body which it constructs and operates represents 
its method of working out this problem. 

Having selected the conditions of soil, moisture and temperature under which 
it prefers to grow, it has molded its body structures or organs to do the necessary 
work under these conditions. 

It must burrow in the soil after water and soluble compounds, and so builds 
roots which are specialized organs to do this particular kind of work. It must 
expose chlorophyll to the light, and builds leaves specialized to do this work. 
Then it must have a supporting structure to carry these leaves and hold them up 
into the light, and it has elaborated the stem or stick for this purpose. 

Now, the protoplasm working in the roots must receive carbonaceous food 
made in the leaves, for it is working in the dark and cannot make starch for itself. 
The protoplasm in the leaves must receive water and soluble compounds absorbed 
from the soil by the roots, while the stem must receive materials from both roots 
and leaves. 

In constructing its factory, therefore, the protoplasm must j)rovide means 
for transporting material from each organ to all other organs of its body. So 
in addition to its manufacturing operations it has to provide transportation for 
both crude and manufactured materials. 

Let us now see how the protoplasm of the cane plant works out these prob- 
lems. First of all, we must make a more careful study of the protoj)lasm itself. 
Taken by itself, protoplasm is a slimy, viscid, mucilagenous substance, much 
resembling in color and consistency the wdiite of an egg. Alone, it has no rigidity, 
and so has to supply rigidity by building a meshwork of firm walls through its 
substance. In so doing it distributes itself in small chambers or cells, the portion 
in each cell being a more or less independently operating unit. The protojilasm in 
all the cells is connected by fine strands and works together for the common good, 
but the work done by each cell must depend upon its position in the plant body : 
the cells in a root cannot do the same kind of work as the cells in a leaf, and 
vice versa. 

To study the workings of the protoplasm of the cane plant we must there- 
fore first examine the structure and workings of a cell. 
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The protoplasm in a cell is differentiated into two essential areas, the nucleus 
and the cytoplasm. (Fig. 10.) The nucleus is a highly complex structure sepa- 
rated off from the cytoplasm by a thin membrane. The nucleus is the controlling 
and directing center of the cell, while the cytoplasm is the portion in which the 
chemical operations are performed. A cell may be likened to a chemical labora- 
tory in which the nucleus is the chemist and the cytoplasm the chemicals and 
apparatus. 

If a portion of the cytoplasm is destroyed the nucleus may, by operating the 
remaining cytoplasm, construct new cytoplasm and repair the damage; but if the 
nucleus is destroyed, the cytoplasm is helpless to do anything but disintegrate, go 
to pieces, die. 

In addition to the nucleus and cytoplasm, which are alive, there is always 
present in the cell a considerable amount of water containing soluble compounds ; 
this is known as the cell-sap. P'rotoplasm, when active, always keeps itself 
bathed in water ; as a matter of fact, it cannot operate unless it does have a large 

amount of water at its immediate disposal, and the 
protoplasm in each cell keeps a supply on hand as the 
cell-sap. In this cell-saj) it holds soluble materials 
which it may use as food or which it has manufactured 
and wishes to store up or pass on to other cells. 

Besides operating with chemicals in its cytoplasm, 
the nucleus also constructs and manipulates conspic- 
uous apparatus which is useful in its work. This 
apparatus takes the form of small, more or less rigid 
bodies which we call jdastids. The protoplasm of 
plants uses plastids for several ])urjx)ses, but that of 
the cane makes extensive use of them in one operation 
only, and that is in the manufacture of starch. The 
green coloring matter or chlorophyll is held within 
plastids which are called chloroplastids or simply 
L'hloroplasts. (Consult Fig. 16. ) The chloroplasts of 
the cane plant manufacture starch which is converted 
into sugar and used as food by the protoplasm of 

the cell in which it is produced or sent on to the 

protoplasm of other cells for immediate consump- 
tion or for storage for future use. 

The cane plant stores its sur])lus food as sugar, but many other plants store 
it as starch. Starch is an insoluble material and consequently is not as easily 
lost as sugar. 

The protoplasm of the Irish potato manufactures starch in the cells of its 
leaves in exactly the same manner as does the protoplasm of the cane plant ; and in 
exactly the same manner it converts this starch into sugar and transports it to 

other parts of its body. The surplus sugar is not stored as sugar, however, but 

is converted back into starch again in underground stems or tubers by other 
plastids which work in the dark. These plastids are called leuco-plastids, and the 
protoplasm gets energy to operate these plastids by releasing some of the energy 
locked up in the complex compound, sugar. 
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Fortunately for us, the protoplasm of the cane plant does not employ leuco- 
plastids, but stores its excess food in the form of sugar. 

The cell walls which give rigidity to the plant body and protection to the 
protoplasm, are composed of a substance, cellulose, which has exactly the same 
composition as starch. It is, of course, derived from starch, being built up out of 
the materials supplied to the protoplasm through the conversion of starch into 
sugar by the enzyme diastase. Like starch, cellulose is composed of carbon, 
hydrogen and oxygen ; and, furthermore, these elements occur in exactly the same 
proportions in both compounds. However, the elements are put together in a 
different manner, for there are many and decided differences between starch and 
cellulose. The latter is more compact and a far more permanent compound than 
the former. Our own protoplasm can digest and use starch as a food, but it 
cannot digest and use cellulose to any extent whatever. 

We are familiar with starch as corn starch, potato starch, etc. Cotton fiber 
and, consequently, cotton cloth, are almo.st pure cellulose. 

The cell walls around the living cells in the cane plant, so long as they remain 
of pure cellulose, are saturated with water, and water or cell-saj) may soak through 
the walls between the adjacent cells, so soluble materials like sugars may readily 
pass through the walls; in fact, this is the very way in which sugars and other 
soluble compounds are passed about in the plant ; they simply go through the cell 
walls much as cane juice goes through a piece of filter ])aper. 

Their passage through the cell walls is not a mere physical matter, however, 
like the passage of the cane juice through the filter pa])er, for the movement of 
soluble materials in and out of a cell is controlled to a large extent by the proto- 
plasm in that cell. 

The protoplasm of a cell always disposes itself as a layer completely cover- 
ing the inside of its cell or chamber. At every ])()int a layer of j)rotoplasm lies 
between the cell sap and the cell wall. The ])assage of cell sap in and out of the 
cell is regulated by the protojdasm which may accelerate or j)rcvent its passage. 

At many points in the jdant body there are cell walls through which tlie 
protoplasm does not wish water to pass under any circumstance. The walls form- 
ing the very outside covering of the stem and leaves are of this nature, and the 
protoplasm makes them practically impervious to water by imj)regnating their 
cellulose with a substance, cutin. Then, at other |x>ints, it wishes to create 
stronger walls than those of pure cellulose, and it does this by impregnating their 
cellulose with a substance, lignin. Cell walls which have been impregnated with 
lignin we say are lignified. Wood is lignified cellulose. 

(GROWTH OF THE CANE PLANT. 

. 

We have found that the protoplasm of the cane plant is organized as an ag- 
gregation of cells, each cell being a working unit in the organization. There is, to 
be sure, a co-ordination of all the cells, all working together for the common good. 
But the cells in different organs must do different kinds of work and arc neces- 
sarily different in some respects. Cells doing a common kind of work arc usually 
quite similar, and work together in a harmonious group. Such a group of cells 
IS spoken of as a tissue. 
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As the protoplasm grows and produces new organs and new tissues it must 
create these new organs and new tissues by organizing new cells. For each new 
cell it must have a nucleus and cytoplasm. We have already found that new 
protoplasm only comes into existence through the activities of existing proto- 
plasm, so it follows that new cells are created only by existing cells, and new 
nuclei by existing nuclei. 

In normal growth of the cane plant new cells are formed through the divi- 
sion of existing cells and new nuclei through the division of existing nuclei. The 
nucleus is itself a very complex structure. Wdien a cell is about to divide, the 
nucleus first divides its materials into two exactly equal parts. Each part then 
organizes itself as an independent nucleus. The two daughter nuclei thus formed 
move away from each other and proceed to build a cell wall between themselves, 
dividing the old cell into two chambers. Each nucleus retains about half of the 
cytoplasm in its own cell. 

Many of the cells in the cane plant early lose the power to divide. W'c know 
that the older joints of the stem do not elongate, and the leaves do not increase 
in size after they have unrolled from the spindle. When these structures cease 
growing their cells have ceased to divide. Their protoplasm may be working, 

and, in fact, does work until it becomes 
exhausted and dies ; but it does not in- 
crease its own bulk and produce new cells 
by division. Such cells which have ceased 
to divide and have settled down to one 
kind of work are known as permanent 
cells, and the tissues which they comprise 
are known as permanent tissues. 

The growth of the protoplasm and the 
j)roduction of new cells and new tissues 
takes ])lacc, for the most part, at the tips 
of the stems and roots. Here we find 
masses of thin- walled cells more or less 
alike, which are growing and constantly 
dividing. These cells are called embryonic 
cells, since they are capable of further 
growth and division, and a group of these 
cells is spoken of as embryonic tissue. 
Since these embryonic tissues are located 
at the tij)s of the stems and roots, they are 
usually alluded to simply as the growing 
points. 

The embryonic tissue comprising the 
growing point of the stem is hemispherical 
or dome-shaped. (Fig. 11.) It increases 
in size through the rapid growth of the 
protoplasm within and the constant division of its cells. As it enlarges the outer 
edge grows more rapidly than the center, and this causes the formation of a ridge 
around a small central dome. This ridge is not a complete circle, but has two 
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ends which overlap or run past each other. Now this ridge rises very rapidly as 
a plate of tissue which is rolled up with its edges overlapping, forming a veri- 
table tube. As soon as one ridge has been formed on the growing point and 
begins to push up as a tube, the dome again enlarges and another ridge is formed, 
which in turn pushes up as a tube just inside of the tube developed from the 
previous ridge. At the growing point of the stem this process goes on, ridge 
after ridge being formed and each one developing into a tube which pushes up 
inside of the previously-formed tube. These ridges are the embryonic leaves. 
They are formed one after the other at the growing point of the stem, the 
youngest leaf being always on the very inside of the roll and protected by all the 
leaves previously formed which remain rolled up in the spindle. At first the leaf 
is composed of embryonic tissue only ; all of its cells grow and divide. But as it 
elongates the cells begin to take on special shapes according to their position in the 
leaf, and by the time the leaf is exposed to the air and light through the unrolling 
of the leaves outside of it, its cells have become permanent cells, organized into 
permanent tissues. 

Now, while the growing point of the stem is elaborating new cells and pro- 
ducing the ridges on its upper surface, which develop into leaves, it is also forming 
new cells which are added to the ti.ssues of the stem. In fact, the growing point 
forms new cells throughout its entire extent, some being molded into leaves, 
while others are organized into nodes and internodes which are added to the 
stem. For every leaf rudiment that is formed the growing point lays down 
tissue which is later transformed into the corresponding node and internode of 
the stem. As the rudiments of the leaves grow and assume their permanent 
shape in the spindle, the nodes to which they are attached also grow and assume 
their permanent form. All of the tis.sue in the leaf eventually becomes permanent 
tissue, incapable of further growth. Most of the tissue of the stem soon becomes 
permanent tissue also, but a small amount is always held as embryonic tissue. 
When each node is formed a small amount of its tissue is retained as embryonic 
tissue and transformed into a miniature growing point. This growing point pro- 
duces a few scale-leaves to protect itself and then becomes dormant ; tliat is, it 
stops growing — goes to sleep, and remains asleep until conditions arise which 
cause it to grow again. These dormant growing points are the buds or eyes, and 
we know that they must contain dormant growing points of stems, for when we 
plant cuttings these eyes shoot and produce new stems. 

In addition to the growing points in the eyes there are small masses of tissue 
in each root-band which remain embryonic. These masses are located directly 
beneath the rind and their position is marked by little mounds or pimples on the 
surface of the root-band. Under favorable conditions these masses of embryonic 
tissue will begin to grow, and pushing through the rind become the growing 
points of roots. And right here let us examine the growing point of a root. A 
healthy cane root is more or less pointed, and in growing it drives this j)oint into 
the soil. Now, this is pretty rough work, and no delicate embryonic tissue could 
stand it. The root has no appendages like leaves to protect its growing ]X)iiit, 
and so it has to gain protection by producing a special protecting organ, the root- 
cap, which it pushes ahead of the growing point. To understand the exact posi- 
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tion of the embryonic tissue in the point of a cane root we only have to refer to 
the accompanying drawing (Fig. 12), which represents a longitudinal section 
through the very center of the root tip. The embryonic tissue is located at the 
point marked (m). This tissue grows, adding new cells to the root-cap (rc) 
ahead of it and building new tissues onto the body of the root behind it. As the 
root pushes into the ground the surface of the root-cap may be worn and injured 



FKi. 12. l.diijrntulhuil of tlu* root tip. t'or — oortex: 
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tbrou^^h contact with hard objects in the soil, but as the surface wears off, the 
cap does not become thinner, for it is constantly beings added to on the inside 
through the activities of the cells at the ^rowing^ point. 

The tissues of the root become transformed into permanent tissues only a 
short distance back of the growing point — that is, most of the tissues do — but 
there are always a few layers of cells extending clear around the root and some 
distance beneath the surface that remain embryonic or cajiable of further growth. 
^\t various intervals there will be organized in this embryonic tissue new growing 
jioints of roots. 'J'hese will start to grow, f(»rce their way right through the tis- 
sues lying outside of the embryonic area, and push their way into the soil as lat- 
eral roots. 
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The growing point of the stem is at the surface, and new leaves and new stems 
always arise as outgrowths from the surface, but the growing point of the root is 
always covered, and new roots always spring from tissues lying beneath the sur- 
face. This is as true of the roots that arise in the stem as it is of the roots that 
arise within other roots. Examine young roots springing from the root-band on 
a cane stem. Are they outgrowths of the surface or do they push out from 
beneath the surface? The embryonic tissues at the growing points of the stems 
and roots of the cane plant are not food-making tissues; in fact, they must do 
their work in the dark and consequently cannot manufacture starch. Their func- 
tion is to grow and add to the permanent tissues, and their protoplasm is fed on 
liquid food which is manufactured by protoplasm in the permanent tissues and 
then handed on from cell to cell until it reaches the protoplasm in the growing 
points, where it is elaborated into new protoplasm, which is in turn organized 
into new cells and new tissues. 

PERMANENT TISSUES OF THE CANE PLANT. 

Now we are ready to study the permanent tissues of the cane plant, and to 
do this profitably we must bear in mind how they come into existence and at the 
same time consider the functions of the various tissues ; that is, the nature of the 
work which each tissue performs. To understand the structure of the factory 
which the protoplasm of the cane plant builds we must visit the factory in the 
process of construction and in operation. 

The cane plant has three great tissue systems: (1) the tegumentary-tissue 
system, which is the outside covering of all members. It is the integument or 
epidermis which forms a continuous covering of all organs — stems, leaves and 
roots. (2) The vascular-tissue system, which includes the fibro-vascular bun- 
dles extending throughout all members, and (3) the ground-lissue system, which 
begins just within the tegumentary tissue and surrounds and encloses the vascular- 
tissue system. 

These three tissue systems are added to by all actively-growing points ; they 
are added to at the tip of each culm and at the point of each growing root. 

At the growing point the cells are all alike, but as cells arc pushed off from 
the growing point into leaves, stems or roots they soon begin to modify their 
shape and to construct cell walls according to the work which they must do in 
the members to which they have been assigned. They leave the growing point 
as raw recruits but are soon marshalled into companies and battalions and 
equipped according to the duties which they must perform in the campaign. These 
companies, battalions and regiments are the tissues, their members are living cells 
which were exactly alike when they marched away from the growing point. 

Let us examine a root first. The three tissue systems become evident a very 
short distance away from the growing point. The outermost layer of cells forms 
the tegumentary tissue or epidermis, and some of its cells soon grow out into 
long slender tubes, the root-hairs. The vascular tissue-system of the root con- 
sists of but one large vascular bundle which is often called the central cylinder 
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or stele. (Fig. 13.) The cells in this central cylinder change their shape very 
quickly. This change is most marked in the direction of the axis of the root; 
that is, the cells very soon assume the shape of long tubes. The cells, which are 
in direct line with the existing vessels, quickly build thick lateral walls and then 
break down their end walls and thus add their length to the vessels or water pipes. 
In this way the vessels are built onto at their ends, the construction of vessels or 
the extension of the water pipes closely following the growing point. There are 
two types of vessels constructed in the stele ; small vessels which are quickly con- 
structed and hence extend pretty well up to the growing point, and larger vessels 
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which arc built somewhat more slowly and hence do not extend as near the grow- 
ing point as do the smaller ones. To understand the origin, nature and position 
of these structures compare figures 12 and 13. W hen a cell is added to a vessel 
the protojdasm of that cell dies and disappears. The bit of living substance has 
done its work and it is promptly sacrificed for the good of the plant. 

The cells which enter into the ground tissue system enlarge very much but 
do not change their proportions to any great extent ; their protoplasm remains 
alive and usually includes a large amount of water or cell-sap within its cell wall. 

Now, how does a root work? It burrows in the soil after water containing 
the substances in solution which the plant must obtain from the soil. The proto- 
plasm in the thin-walled root-hairs is particularly well situated to pull in this 
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water through its cell walls. It then hands it on to the cells in the cortex or 
ground tissue, which in turn pass it on to the cells in the stele. The protoplasm 
in these cells then forces it into the vessels. Now, these vessels communicate with 
all parts of the plant, and the protoplasm at all points above in the stem and 
leaves may pump water out of the vascular tissue system. The roots must absorb 
enough water and pump it into these vessels to supply the needs of all the proto- 
plasm throughout the plant. 

The growing point of the stem gives rise to the three tissue systems in much 
the same way as does the growing point of the root, but the resulting permanent 
tissues are much more complicated. The tegumentary tissue system is developed 
from the surface layer of cells of the growing point. It extends in one continu- 
ous layer over all the leaves, nodes and internodes. The vascular tissue in the 
stem is not diflferentiated as a single central cylinder as in the root, but as many 
cylinders or bundles. We have already noted the position of these bundles in 
the mature stems and leaves. Now, when the nodes and internodes are being 
differentiated out of the embryonic tissue derived from the growing point, those 
cells which happen to be in the course where the vascular bundles should run are 
constructed into vascular bundles. A short distance hack of the growing point 
the cells which are to become a part of a vascular bundle begin to elongate, and a 
little further away from the point those cells which are to become vessels can be 
distinguished because they are forming the thick walls characteristic of vessels, 
while still farther back the completed vessels may be found in working order. If 
we pick up a completed fibro-vascular bundle in the stem and follow it up towards 
the growing point, we will first come to a point where vessels are just being j)Ut 
into commission, then above these we will find vessels in the course of construc- 
tion; a little further up no vessels can be distinguished, but a bundle is still 
marked off because its cells are longer than the surrounding cells of the ground 
tissue; then as we approach the growing point this difference is no longer ap- 
parent, the cells being all alike. 

The protoplasm of the cane plant extends the vascular system in* building 
new tissues onto the ends of the existing bundles. It takes for material the cells 
that lie in the path where these vascular bundles should run. 

The same thing happens in the building of the leaf. The young leaf is all 
embryonic tissue. The protoplasm extends the vascular tissue into the leaf by 
simply making vascular 'tissue out of those cells which lie in the course where 
vascular tissue should run. 

All the tissue lying inside of the tegumentary tissue system or epidermis of 
the stem and leaves and not used in making vascular tissue becomes ground tissue. 
Just as the tegumentary tissue of the leaf is continuous with that of the stem, and 
the vascular tissue of the leaf is continuous with the vascular tissue of the stem, 
so also is the ground tissue of the leaf continuous with the ground tissue of the 
stem. Most of the cells in the ground tissue build only very thin walls and they 
are prone to pull their walls away from the walls of their sister cells, thus leaving 
small spaces which may be filled with air. These si)aces are known as intercellu- 
lar spaces. (Consult Figs. 10, 15 and 16.) These intercellular spaces communi- 
cate throughout the ground tissues and permit the circulation of air through these 
tissues. In this way air, which is of course part oxygen, is made readily avail- 
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able to the protoplasm, and it takes it in and uses it to oxidize complex com- 
pounds and release their energy. To understand the origin and relation of the 
tissue systems of the leaf and stem, make a careful study of the diagram, Fig. 11. 

Now that we know how the tissues come into existence, let us examine more 
critically the permanent tissues, keeping in mind the work which they do in the 
body of the cane plant. We can best begin with the fibro-vascular bundle. 



B 

FIG. 1 1. rro«s-sociit»n of h filiro-xasrulHr Inindlo of the stem. 1 — two large 
vessels: 2 — an nniuilar vessel; It — a sieve tube; -4 — air s])aee : and 7 — 

thiek-wnlled cells of the fibrous tissue; (i — thin-walled cells of the ground 
tissue. 


Fig, 14 shows the arrangement of cells in a fibro-vascular bundle of the stem 
as seen in a cross-section of the bundle, and Fig. 13 represents a longitudinal 
section through the same bundle from A to 4. There arc two large vessels 
marked 1, and one small vessel marked 2 in Fig. 14. 2 is a primary vessel 
such as we noted in our discussion of the formation of vessels in the stele of the 
root. It is finished and working before the protoplasm can get the larger vessels 
1 and 1 in commission. ’ * 
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The walls of the vessels are always very much thickened and reinforced with 
a lining which, in the primary vessels, always takes the form of rings or spiral 
bands (Fig. 15, V), while in the larger, secondary vessels this lining is always a 
mesh work much resembling in structure some of the patent screens now in use in 
sugar centrifugals. The walls of the vessels are also impregnated with lignin, 
which gives them greater strength than though they remained pure cellulose. 

The tissue at 3 in Fig. 14 is the so-called sieve-tissue, which we have not 
previously mentioned. It is a type of conductive tissue the elements of which are 
called sieve-tubes. These sieve-tubes are very long, slender cells which stand end 
to end, very much as the cells do which become vessels. (See Fig. 15.) 'J'hc 
cross-walls between sieve-tubes, however, do not entirely break down, but they 
become perforated with many small holes, and thus form a sieve or sieve-])late. 
Accompanying each sieve-tube is a long, slender cell* which is just as long as its 

sieve-tube. This cell is called the compan- 
ion-cell. It always contains a nucleus and 
cytoplasm, and it would appear that the 
companion-cell engineers the operation of 
its sieve-tube, for the sieve-tube, like a ves- 
sel, loses its protoplasm as soon as it is 
completed, and it is operated by the rest of 
the j)r()to])lasm of the i)lant as part of its 
transportation system. 11ie ])rot<)plasm 
moves a rather viscid mass of material 
through the sieve-tube tissue. This mate- 
rial has the consistency of thick molasses. 
It may contain considerable sugar, but it 
also contains gums and other more or less 
insoluble compounds manufactured by the 
protoplasm but moved with difficulty 
through solid walls by diffusion, in the way 
that the readily soluble sugar is moved. 

Now, referring again to Fig. 14, all 
the ti.ssues of the fibro-vascular bundle, 
other than the vessels and the sieve-tissue — that is, the tissue at 1, 2 and 3 — is 
fibrous tissue, made up of long, pointed cells, with very thick walls and narrow 
cavities. These cells are marked F in Fig. 15. Their function is to give strength 
to the bundle. This fibrous tissue is called sclerenchyma. In Fig. 14 the cells of 
the ground tissue which directly surround the fibro-va.scular bundle, are marked 
6, and in Fig. 15 they are marked G. Note their relatively thin walls and the 
numerous inter-cellular spaces between them. 

Now we come to a consideration of the structure of the leaf, which is by 
far the most complicated organ of the cane plant. It is the most complicated 
because its tissues are the main manufacturing center of the plant. 

All of the raw materials are carried into the leaves and there worked over 
and converted into the refined products, which are carried to all parts of the plant 
to nourish the protoplasm. By the time a leaf unrolls from the spindle all of its 
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cells have been converted into permanent cells. Every one of them is assigned to 
some kind of work and none is allowed to remain embryonic; consequently, the 
leaf cannot grow any further; it cannot replenish worn-out tissues. It works 
hard if it can get the materials to work on, and in a comparatively short time 
l)ecomcs exhausted and dies, the work being carried on by the younger leaves, 
which are constantly being constructed and put into commission by the plant. 

We arc already familiar with the chief chemical task which is imposed upon 
the tissues of the leaf ; this task being the manufacture of starch and its conver- 
sion into sugar. For this work it sets aside special tissues, the cells of which 
construct and operate chloroplasts and diastase. 

In addition to its chemical work, the protoplasm of the cane leaf has certain 
important mechanical and physical problems to solve. The leaf is formed in a 
tightly-rolled tube, and it must be so constructed that it can unroll itself from the 
spindle when its turn comes. Then, as a mature leaf, it must support its entire 
blade, swinging free in the air while it is attached at the end only. To do this it 
must have strong tissues properly arranged to give the necessary support. Finally, 
the leaf must serve as a boiling-house or evaporator. 

have already noted that the cane plant secures a large number of ele- 
ments from the soil, these being taken up in solution in water. Now, the soil- 
solution is always very weak, and in order to get the required amount of each 
element, the ])lant must concentrate this solution by evaporating ofT the excess 
water, just as we concentrate cane juice to syrup by evaporation. To facilitate 
this evaporation of water, the leaf is so constructed as to permit of a rather free 
circulation of air through its tissues. A mechanism is provided, however, whereby 
the ])r()toplasm may control the ventilation so as to regulate eva])oration. If thq 
su])ply of water coming up to the leaf is meager, evaporation is reduced to a 
minimum ; but if the suj)ply is bountiful, the evaporator is worked at full capacity 

Circulation of air through the tissues of the leaf also makes readily available 
two ga^es very essential to metabolism in the protoplasm of the plant. These 
gases are carbon dioxide and oxygen, both always present in the air. The carbon 
dioxide is absorbed and employed in the building of starch by the cells containing 
chloroplasts. The oxygen is used to oxidize or burn up compounds in order to 
release the chemical energy locked up in them. 

Now, by referring to Fig, 16 we can get a pretty good idea of the complexity 
of the mechanism which the protoplasm, assigned to a leaf, builds in order to do 
the work required of a leaf. 

The tegumentary tissue consists of a single layer of cells, the epidermis. 

extending over both surfaces of the leaf. The outer walls of the epidermal cells 

are very much thickened, and besides, are impregnated with cutin to render them 

impervious to water. \"ery little evaporation takes place through these walls. At 

intervals in the epidermis on the upper surface of the leaf there occur very large 

cells, as pointed out at 1, 17 and 18 in the figure. These are known as motor 

cells, and in co-operation with certain large cells in the ground tissue, as 4 and 5, 

they cause the leaf to unroll and roll up by swelling or collapsing. W'hen the 

leaf unrolls, these cells swell by simply filling up with water. As long as the leaf 

♦ ^ 
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is supplied with ample water they remain full and the leaf remains flat. If the 
water supply is deficient they lose water and collapse, causing the leaf to roll up 
again. A young leaf severed from a cane jdant on a warm day quickly loses 
sufiicient water by evai)oration to cause it to roll up. 

Ventilators or air j^ores occur in the epidermis on both sides of the leaf, but 
are much more numerous in that of the lower side (21, 29, etc.). "J'hese air 
pores, or stomata as they are called, are mere slits between two sausage-shaped 
cells known as the guard-cells. Each guard cell has a lip which may fit tightly 
against that of its companion, completely closing the air j)ore. If the guard cells 
are full of water they hold the lips apart and thus permit air to pass in and out of 
the leaf tissues, causing rapid evaporation of water. If the guard cells lose their 
water more rapidly than it is supplied to them, they begin to collapse and their li])s 
aj)proach each other, reducing the size of the oj^ening and thus cutting down cir- 
culation and likewise evaporation. If the supply of water coming to the leaf is 
seriously curtailed, the guard cells collapse to a point where the stomata are com- 
])letely closed. The opening and closing of the stomata is regulated automatically 
by the water su])j)ly ; while there is an abundance of water they remain wide open, 
but they are very sensitive, and promptly reduce circulation if there is any curtail- 
ment of the water supply. 

The stomata open into large air-chambers which communicate with inter- 
cellular s])aces extending all through the ground tissue, providing channels along 
which the air may pass to practically every cell in the leaf. 

Fibro-vascular bundles are very numerous in the leaf. They are of several 
dilTerent sizes, those which can be seen as veins on the surface of the leaf being 
even larger than the one shown in the center of Fig. 16. Their elements are the 
same as those already described for a bundle in the stem. Their arrangement is 
more compact, however, and the sclerenchyma is usually comj)oscd of thicker- 
walled cells. Each fi]>ro-vascular bundle is surrounded by a layer of special cells 
of the ground tissue, known as the bundle-sheath (10). The cells in the bundle- 
sheath always contain a few chloroplastids. The principal chlorophyllous tissue 
is located directly outside of the bundle-.sheath and consists of one or two layers 
of rather small cells. These cells are densely packed with chloroplastids, which 
are shown black in the figure. Chloroplastids also occur in the cells directly sur- 
rounding the air chambers. 

'J'he ground tis.sue sup])lies considerable sclerenchyma (thick-walled cells) to 
give strength to the leaf. This occurs mostly in the form of fibers just beneath 
the e])idermis and o])pt^site a vascular bundle, but isolated strands appear all 
through the ground tissue. 

The chlorophyllous and motor cells of the ground tissue are thin-walled, and 
their walls are always saturated with moisture, so, as the air passes over their 
surfaces, carbon dioxide goes into solution in the water and is thus absorbed into 
the cells, while water is at the same time taken up and carried off by the moving 
currents of air. 

In comparison to tissues of the leaf, those of the stem are relatively simple; 
in fact, wc obtained a very good idea of these by examining sections of the stem 
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with the naked eye. Fig. 17 shows the struc- 
ture of the stem as seen under moderate mag- 
nification. We are already familiar with the 
position and structure of the fibro-vascular 
bundles of the stem. The tegumentary tissue 
consists of a single layer of cells, the epider- 
mis, with their outer walls cuticularized like 
those of the epidermal cells of the leaf. The 
cells of the ground tissue directly beneath the 
epidermis are very thick-walled also, and, 
with the epidermis, constitute what we com- 
monly speak of as the rind. The rind is not a 
true tissue, and is not sharply marked off from 
the rest of the ground tissue. The cell walls 
of the ground tissue cells become gradually 
thinner as we progress inward from the epi- 
dermis, until they reach a thinness which is 
characteristic of the ground tissue throughout 
the greater part of its extent. 

The chief functions of the tissues of the 
stem are to give support to the plant, to con- 
duct water and to store up sugar. The sugar 
manufactured in the leaves is very promptly 
moved back into the stem and that which is 
not required for immediate consumption in 
the building of new protojdasm, and new 
tissue, is stored in the ground tissue of the 
stem. While sugar may be moved to some 
extent through the sieve-tissue, it is mostly 
handed on through the cell walls from cell to 
cell in the ground tissue. 


FIG. 17. Section tlirouK^i the outer i)art of 
H cane stein. 1 — epidermis; 2 — thirk- 

wulled jfrouiul tissue cells forming the 
rind; 8, 4 and 7 — vascular bundles of dif- 
ferent sizes; .'> — thick-walled Kupp(»rting 
flbers; 0 — thiii-wulled cells of the ground 
tissue. 
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The Kentucky Sanitary Privy.* 


[The privy vault in common use throughout Hazvaii as a means of disposing 
of human zvastes constitutes the greatest nuisance zi*e have to deal vjith in pro- 
viding better sanitation. Attempts have been made to make the ordinary privy 
fly-proof, none of zohich has zoorked out in practice. Disinfection at regular 
interz^als helps out, but does not accomplish results zi^e hope for. As d disease- 
breeder and means of providing for the distribution of disease-breeding germs, 
the privy vault has no equal. 

Jn order to make our plantation villages safe from the health point of z^ieze, 
zcays and means of disposing of human excretions have had our attention and have 
been the cause of numerous experiments. 

If^e are pleased to recommend for your consideration the Kentucky Sanitary 
Privy as described in a Bulletin issued by the State Board of Health of Kentucky 
in January. 1920. — Industrial Serznee Bureau, H. S. P. A.] 


After years of study and painstaking experimental work, with helpful sug- 
ge.slions from many co-workers in this fiehi, the State Board of Health offers 
this .septic tank i)rivy as the first forward step looking to the j)ractical, effective, 
and economical disposal of wastes from the human body, in unsewered towns 
and country districts. In the various types of the tank described and illustrated 
in this Bulletin it will be seen that by increasing the length of the tank, and of 
each chandler thereof, indefinitely, and even the width and depth, where great 
capacity is re(|uired, it easily can be adapted to the needs of any home, school, 
hotel, health resort, court house, railway station, mining camp or similar place not 
on a line of ])ublic sewers. 

Jn avldition to the reliance which confiidently may be placed upon bacterial 
action for the destruction of disease germ life and the liquefying of all solid 
discharges, if properly constructed and cared for, and if no disinfectants are 
ever put in, the tank will be odorless, self-cleaning, fly-proof and will last for- 
ever. The invention is not patented ; thou.sands of the tanks are in successful 
oi)eration in this and other states and countries ; in resptmse to requests for plans 
and information about it, 250,000 bulletins have been sent over the country from 
Canada to Mexico and overseas countries. 

The importance of actively and systematically extending this vitally essen- 
tial feature of reform can hardly be overestimated. This movement may be for- 
warded by educational campaigns, direct legislation, as adopted in North Caro- 
lina, or other means, until every rural home in Kentucky enjoys its health and 
live-saving benefactions. 

The average duration of human life in India, a retarded race in a country 
favored by nature, is 25 years, while in Sweden, less blessed naturally, but well 

‘ Bulletin of the State Board of Health of Kentucky, January, 1920. 
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advanced in the observance of the laws of healthy living, the average of life is 
54 years. Soper tells ns within the present month that of the 1,600,000,000 
people now in the world, only one per cent exist under proper living conditions, 
and that these fortunate few are constantly endangered by the large majority of 
their neighbors who do not so live. The truth of these estimates is borne out in 
Kentucky by the study of the sick and death rates, now collected and recorded 
under a rigid law, which shows that 60 per cent of the sickness and 47 per cent 
of the deaths occurring every year are from diseases which are distinctly and 
practicably preventable at far less cost than is required to care for the sick and 


bury the prematurely dead from them ; 
records of the recent world war for the 
cent of those volunteering or chosen by 



Fi^. 1. Orjjanisms fausiiijj some of 
the more frequent diseases of tlie lungs 
and air passages. All <liseiiarges eon- 
taining them should lie immediately 
and systematieally burned or ]mt in the 
tank. 


and even more forcibly by the official 
United States, which show that 34 per 
selective draft were found upon exam- 



Fig. 2. Organisms causing some of 
the more common bowel dis(‘ase8. These 
wouhl Ik* destroyed ami all such dis- 
eases pxterminateil if everybody used 
a Kentucky Sanitary Privy. 


illation to be as unfit for army service, as at least half of tliem were for the 
equally important duties of civil life, including, so far as the State and future 
generations are concerned, the paramount function of i)arcnthood. It is hardly 
necessary to ask how far these physical defects and the high morbidity and 
mortality in Kentucky may lie due to the fact that, even including sewered cities, 
over half the homes in this State are without a pretense of privies of any kind. 

Germs peculiar to each of the communicable diseases, get into the body 
directly through its only portals, the mouth or nose, or are deposited in such 
hotbeds for their rapid and endless reproduction as are furnished by ])ollutions 
to be found around almost all homes not connected with modern sewers. The 
danger to all except immune persons becomes real and immediate, as shown by 
the 60 per cent of sickness and 47 per cent of deaths from these diseases occur- 
over half the homes in this State are without a pretense of privies of any kind. 

In order to emphasize the importance of all this, it should be known that, 
except malaria and yellow fever, carried to man only by the bites of two of the 
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twenty-eight known varieties of mosquitoes; bubonic plague, by the bite of the 
rat-flea ; hydrophobia, by the bites of dogs, cats, and other animals, and the 
venereal diseases, usually carried by immediate contact of the infected with non- 
infected persons, each of the communicable diseases is spread by its own peculiar 
germ or seed, the class causing the highest sick and death rate being excreted by 
tliose sick of them, or by carriers, through the mouth or nose, and all the balance 
through the bowels, except those of typhoid fever, which are also excreted 



Fi;;. Mookworiii (a to in various 

.stajjos of tli'Volo|U!u*nt, t'ouinl in abuioianro in 
<lis<*harjji's from howoN of liookw(»rm jjationts, 
ami younj; hookworms to k) ri*a«ly to boro 
Ihroujjh till' skill of any ono wlio oomos in con- 
tact with them. All highly ma^nifiinl, since they 
are too small to t»e seen with tlie unaided eye. 
The ]>rivy jlestroys these, either in the or 

youn^ hookworm stajje. 


through the kidneys. It is important, too, to bear in mind that the germs of 
each of the.se di.sea.ses, after its kind, although microscopic in size and with gen- 
erations counted by hours and days rather than by months and years, as in the 
large animal and vegetable kingdoms, are as unlike in form, growth, and life his- 
tory as the seed of corn is to wheat, or that of grass to clover. These have been 
so closely studied that trained health oftirials know the characteristics and 
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methods of spread and prevention of each of them as well as scientific farmers 
and orchardists do those of weeds, scale, and other pests to crops and fruit trees. 

They know, for instance, that the germs of human tuberculosis, pneu- 
monia, and all other infectious diseases, are excreted from the mouth and nose 
of the diseased person, and are spread by being carried to the mouth and nose of 
the well person. They know equally well that these diseases would be reduced 
to a minimum and finally exterminated if proper sanitary measures were em- 
ployed, such as isolation of patients having an infectious disease, proper living 
conditions, etc. They know in the same way that the germs of typhoid fever 
and other intestinal diseases are excreted only from the bowels of the sick, or 
carriers of these diseases, and cause infection only by getting into the mouth or 
intestines of susceptible well people. If all such discharges could be immedi- 
ately emptied into one of the septic tanks, these diseases would soon have only 
an historic interest to our people. 

Essentials. 

The essential principles of the privy are the tank and tile drain system, the 
inoculation by means of the well rotted horse manure, the carefully screened, 
clean, comfortable house. 

The Location of the Privy. 

This privy should be located as close to the house as is convenient, say not 
more than 10 or 15 feet from the back door, but it should be as far removed 
from a well or cistern as possible, to guard against accidental leaks in cither 
structure. The privy should be placed on high ground and the drainage from it 
should be away from both the residence and the water supply. 

Dioginc; the Hole. 

Having selected the location, the hole should be dug. For a privy of tliis 
size it should be 5 feet long, 4 feet wide, and 3 feet deep. It is best to mark 
out the size of the hole with .stakes and a string and then dig the hole inside the 
string, but slightly smaller on all sides until it is nearly the required dej)th. Then 
the hole can be brought to exact size by carefully trimming the walls and 
bottom, making the sides smooth and exactly perpendicular, the corners .square, 
and the bottom level. It is worth a little effort to make a neat job of the digging, 
since smooth walls and close measurements save cement and make the form 
easier to handle. If the pit is dug in sloping ground it should be dug three feet 
deep at the highest point and no deeper. This is important. 

CoNSTRlTCTINC; THE FoRM. 

At first sight the difficult part of the construction of a sanitary ])rivy seems 
fo be in making the form. In reality this is a very simple procedure. A study 
of Fig. 4 will show that there are only seven different sizes of parts, and if these 
are cut accurately to the sizes shown, there need be no trouble in putting them 
together. Begin by making the two sides, using A, B, C, and D, being sure that 
the battens are nailed on the inner faces of the sides. Then nail pieces E to the 
two. sides so as to form the ends and baffles, jnitting the hole for the outlet tile 
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elbow in the end next to the “standing’^ baffle. The center of this hole must be 
8 inches from the top of the form. This will bring the bottom of the outlet 
2 inches below the top of the baffle. 

Now nail on the four strips G, and, lastly, the two strips F. These parts, 
G and F, hold the top of the fonii in line and also make the shoulders in the 
concrete shown in Fig. 5, on which rest the seat riser and the boards for support- 
ing the lop. 

Use six-penny nails for putting the form together, and do not clinch the 
ends if they should happen to come through. When done in this way there will 
be no difficulty in taking the form apart in order to remove it from the tank. By 
simj)ly prizing off the battens '‘A,'’ using ordinary care, the form may be removed 
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Kij;. 4, Luinbor for tlu* forms for a sinall-siztMl tank. With care in fitting; the parts 
together, as described in the context, and removing them after the concrete has well “set, 
the same form can be used over and over again for an entire community. 


without damage and it may be used over and over again to construct other privies 
of this size. 

The Mixing of the Concrete. 

Concrete is a mixture of (a) Portland cement, ^b) sand, (c) rock or gravel, 
and (d) water, which hardens upon standing. It varies in strength according 
to the proportions of the ingredients. In building a Kentucky sanitar}^ privy 
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the same strength of concrete is used throughout. This is known as a 1-2-4 
mixture and is composed of one sack of fresh Portland cement, two cubic feet 
of clean sand, and four cubic feet of broken rock or gravel. Broken limestone, 
in pieces never larger and preferably smaller than one inch in diameter, is best. 
Sand and gravel should be free from clay and other dirt or trash, such as leaves 
or sticks. The proportions given above should not be varied or changed. A 
richer mixture is more expensive and a weaker one will not be durable, or may 
cause the tank to leak. Before making the concrete it is best first to make a 
mixing board and a measuring box. 

I'hc mixing board should be about six feet square and should be tight 
enough to keep the liquid cement from running through, although small cracks 
can be stopped with sand. The measuring box should be made of four j)ieces 
of wood, besides the handles. On the inside it should be exactly two feet long, 
one foot wide, and one foot deep. Thus it holds exactly 2 cubic feet. This box 
has no bottom. 



Fig. 5. Concreto jioured and allowed to set before removing form. 


To mix a batch of cement, set the measuring box in the center of the board 
and fill it level full of sand. Lift the box by the handles. The .sand, 2 cubic 
feet, remains on the board. Set the box down again and fill twice with the clean 
gravel or rock, 4 cubic feet. Sprinkle over the rock and sand the contents of one 
sack of cement. This does not have to be measured, since a sack holds just one 
cubic foot of cement. 'Now thoroughly mix the dry cement and .sand and rock 
by turning over and over on the mixing board with a shovel. After the cement 
and .sand and rock are well mixed the water .should be added, and again the 
whole mass should be mixed by repeatedly turning over and over with a shovel. 
An inexperienced per.son is very apt to use entirely too little water. A properly 
wetted batch should be so nearly a liquid mass that it will flow into ])lace without 
much tamping. It should be about the consistency of rich cream or buttermilk 
and should easily find its level when slightly tamped or joggled with a thin plank 
or spade. Water is always cheap and easy to obtain and cement made without 
})lenty of it will be hard to work and is apt to leave large crevices between the 
pieces of stone and cau.se a leak. 

Do not make up a batch requiring more than one sack of cement at a time. 
Thus each successive batch will be fresh when placed in the form and will unite 
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perfectly with the preceding one and when set will be strong and durable. Be 
sure that the cement you buy is fresh. It should be as finely ground and as 
smooth as flour and entirely free from lumps and gritty masses. 

Pouring in the Concrete for the Walls. 

If the form and pit have been made according to the directions given above 
and the floor of the pit is level and smooth, it will be found when the form is in 
place, there will be a space of about five inches all around between the outside 
of the form and the walls of the pit. The top of the form will extend up above 
the ground about 8 inches. Use a spirit level to see that one side or end of the 
form is not higher than the other. Should the bottom be soft earth the form 
can often be made level by tapping on the high side, forcing it slightly down into 
the ground. 

The 4-inch glazed tile elbow should now be placed in the opening made in 
the end of the form for that purpose, as shown in Fig. 5. Place the bell end of 
the tile snugly against the earthen wall and let the curved end project downward 
into the tank as shown in the drawings. It will be well to stop up the bell end of 
the elbow with a large wad of paper to prevent cement from flowing into it, 
but be sure to remove this wad before laying the balance of the drain. 

The earth wall makes the outside form until the surface of the ground is 
reached, but around the outside of the hole above the ground a form should be 
built of four planks as shown in Fig. 5. 

Now begin to pour concrete in the space for the walls, allowing it to come 
up evenly all around the form. As the concrete is poured it should be tamped 
or joggled slightly to cause it to flow into all the open spaces. By working a 
very thin j)lank or a spade up and down between the face of the concrete and 
the form, the larger pieces of rock will be forced back and only smooth concrete 
will remain in contact with the wood, and it will be found when the form is 
removed that this will give a smooth face to the inside of the concrete which 
will require very little work to finish .smoothly with a trowel or brush. 

Having poured the walls, the work must now be allowed to stand for 
twenty-four or forty-eight hours to “.set,’' so that it will be hard and stand 
up when the form is removed. In the meantime the tank should be covered over 
to prevent too rapid drying of the exposed parts and to keep out rain and dirt. 

W hile waiting for the tank to set you may, in order to save time, proceed to 
complete the tile drain. 

After the concrete walls are safely set, so as to run no risk of breaking 
down, the inside form may be removed. 

This is best done by simply prizing off battens “A.'’ If the form has been 
put together with small nails this can be done with but little harm to the lumber 
and the form may be used over and over again to build other privies. 

The form should be taken out before the concrete is entirely dry and then the 
entire inside of the tank, including the floor, must receive a smooth finishing coat 
made of equal parts of cement and .sand, with plenty of water, and carefully 
applied with a brush or trowel. This finishing coat will not adhere to dry con- 
crete, but when applied while it is moist it will adhere perfectly and render the 
tank completely waterproof. 
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Pouring the Top. 

The next step is to put the ‘‘seat riser” in place. This is made of good 
dressed lumber, exactly to fit on the shoulder provided for that purpose over the 
first compartment, and should be about 21 inches high, so that, when the top is 
poured on, this seat riser will still project up 14 inches, which is about the right 
height for an adult's seat. 

Over the balance of the tank place a covering of heavy planks one and 
one-half or two inches thick, in the shoulders left in the top of the walls for that 
purpose. This furnishes a support for the concrete cover while it is setting, and 
is not to be removed. 

Now pour a layer of concrete about 2 inches thick over the entire top and 
around the seat riser. Then put in the reinforcing, which may consist of a piece 
of woven wire fencing, or iron rods, pieces of gas pipe or old buggy tires, and, on 
top of this, complete the pouring of the top until it has attained a thickness of 
five inches. While the concrete is still very soft place the four iron bolts head 
down in the cement about three inches from the edge and extending up two and 
one-half or three inches out of the concrete. The concrete should be tamped 
snugly up against the bolts and a large washer next to the head will anchor them 
still more strongly. These bolts serve to fasten the sills of the house firmly to 
the foundation, so that it will not blow off. The exposed surface of the top. 
which is to be the floor of the privy, should be finished with a rich mixture of 
concrete, half cement and half sand, and made perfectly smooth with a wooden 
float in order that it may be kept scrupulously clean. 

Until the top of the tank has thoroughly set it should be well j)rotected 
against injury from rain drops, too rapid drying, or other accidents. This is 
best done by covering it with a layer of wet tow sacks over which a layer of 
planks is placed. This will also prevent the concrete from cracking while 
seasoning. 

The House. 

The house (Fig. 6) is a nccesary part of any privy and it should be well 
constructed, pleasing in design, and, if possible, harmonious with its surround- 
ings. It should have a good roof, and will be more comfortable if it is lighted 
and ventilated by a screened window placed high above the floor. 

The Sh:at. 

It is essential that the seat be constructed according to the design here 
given. As has already been shown, it must extend down into the concrete, form- 
ing a tight joint with it, and it must be provided with a well-fitted hinged cover 
to exclude flies and other disease-distributing insects. A block of wood nailed 
to the wall behind the seat will prevent it from remaining •open when not in use 

Operating the Privv. 

See that the tank is full of water until it begins to run out into the drain tile 
and make sUre that the manure has been put in. Provide a good quality of tissue 




Vertical Section of Tank and House. 

Fijf. 6. A 600-gallon tank for a large family ainl home. It may be used for an out- 
side privy, to receive the waste from an inside toilet ainl bath room, or for both purposes. 
By increasing the length of the tank ami of each of the three chamliers, indefinitely, and 
even the width and depth where great capacity is required, it easily can be adapted to the 
needs of schools, hotels, and similar public places. Properly managed, it is self-cleaning, 
odorless, fly-proof, and will last forever. The material for a tank of this size should not 
cost over $25.00. 


toilet paper, since any other kind of paper will dissolve too slowly and will clog 
up the tank. When in constant use it will probably not be necessary to renew 
the supply of manure, but in case the privy is closed for a long period, as at a 
school during vacation, or when the home is unoccuj)ied, it may be advisable to 
renew the manure when the tank is again put in operation. 

A bucket of water must be poured in somewhat forcibly through each seat 
opening every day when the privy is being used. Not only does the privy require 
the addition of water, but no floating masses must be allowed to accumulate, so 
as to form a mat uix)n the surface of the water in the first compartment of the 
tank. Pouring water directly through each seat opening breaks up these masses 
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and causes them to dissolve easily. If a urinal is provided it also must be 
flushed in the same way each day. If there is any odor front a properly con- 
structed sanitary privy, it is because water is not being added every day in th^ 
proper manner and amount. 


New Implements for Sugar-Cane Culture. 



This illustration shows a motor cultivator designed for the Argentine sugar districts. 
There are four different attachments, viz.: (1) a mi<ldle buster to be used in opening up 
the furrow in which to lay the seed cane; (2) a <lisk hiller which is to be use«l to cover the 
cane after it is planted; (3) off-barring plows for tearing down the ridges or throwing the 
dirt back; and (4) a reversible disk harrow attachment, with the i<lea of cultivating two 
middles at the same time. 
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Welded Boiler Explodes.* 


At 11 a. m. on July 16, a small boiler of the firebox type exploded in a saw- 
mill near McMinnville, Tenn., killing the fireman and a laborer, the former 
instantly, and badly scalding the owner and two others. The explosion was 
especially violent, completely demolishing the engine and mill equipment, and 
occurred without warning, 

A few minutes before the explosion the 
owner noticed about one inch of water in the 
glass. The safety valve was popping ofif, 
and the gage showed 12 pounds. The owner 
instructed the fireman, a green hand, to 
turn oflF the injector, and when the glass 
stood half full, he turned off the injector 
himself. Two or three minutes afterward 
the explosion occurred. 

Fig. 1 shows the type of ])oiler, the heavy 
irregular line indicating an old internal 
crack in the shell almost two feet long. 

Within the area inclosed by the dotted line 
the plates and staybolts showed evidence 
of having been badly corroded. Only four 
inches of this long crack was visible from 
the outside, and this portion was welded 
electrically about a year ago to prevent 
leakage. In welding, metal had simply been 
“.spotted'’ over the crack, adding nothing 

to the strength of the sheet. The average ana^i-or'ro.Ud”Iref. 
thickness of the sheet over the entire length 

of the crack was something less than one-sixteenth inch. The condition of the 
sheet at this point may be .seen in Fig. 2. The remainder of the metal in the 
boiler was in good condition, and the crown sheet showed no evidence of low 
water. The fusible plug was intact, although filled with shot lead. 

The initial rupture apparently occurred at the point where the repair had 
been made by welding. The shell was torn entirely in two, and the two halves 
hurled one hundred feet away in opposite directions. The fracture followed the 
girth seam nearest the crack, but the violence of the explosion caused the shell 
to tear in several other places, and as part of the metal, including the steam 
dome, could not be found, it was impossible to trace exactly the entire course of 
the fracture. 

This occurrence demonstrates the extreme hazard involved in operating 
even the smaller-sized boilers without experienced help and expert inspection. 



Power, August 10, 1920. 
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Fig. 2. The weld in which the metal was only spotted. 

Fig. 8. Bemains of front end. Fig. 4. Firebox end. Arrow indicates line of initial 
rupture. 


and of attempting by the welding process a repair of the kind described. The 
owner of the plant was inclined to the belief that the initial failure could not 
have been at the crack, actually stating that the failure of the sheet at this point 
would have relieved the pressure and therefore have rendered an explosion impos- 
sible. Such statements point to the necessity of rigid .state inspection laws, and 
of operation of boilers only by competent men. There are undoubtedly hun- 
dreds of boilers in daily, use in as hazardous condition as this one was, the lives 
of the workmen and the safety of the equipment hanging by a very slender 
thread. 


[W. E. S.] 
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The Prevention of Sugar Deterioration by the Use of 
Superheated Steam in Centrifugals.* 


By Nicholas Kopeloff.J 

The deterioration of manufactured cane sugar has been the subject of consid- 
erable investigation to which reference has already been made.^ . Following a 
study of the most important single group of micro-organisms, the molds, respon- 
sible for sugar deterioration, the writer prepared a chart whereby it was pos- 
sible to predict the keeping quality of a sugar.- It remained to devise some means 
of eliminating the causative orgsmisms in order to prevent sugar deterioration. 
Shorey** and others have suggested the use of superheated steam in the centrifu- 
gals, but so far as we have been able to ascertain no controlled experiments have 
been conducted to test out the efficiency of such an agent. Unfortunately, it was 
not possible to arrange for an equipment in our sugar house and mill which would 
permit of such a study, and it was due to Assistant Director W. G. Taggart, 
who devised an apparatus to be used in the laboratory centrifugal, that the present 
experiment was made possible. 

The centrifugal used was an 11-in., 1915 model. No. 2, made by the Inter- 
national Instrument Company of Cambridge, Mass. The jacket had a diameter 
of 11 in. and a depth of 3.3 in. A larger concave trough 15.25 in. in diameter 
and 6.5 in. deep caught the molasses. The device used for superheated steam 
was simple in construction, consisting of a half-inch intake pipe with two arms 
( in. diameter), one inside the basket, stopping 1.5 in. from the bottom, the 
other between the basket and the trough. These were made of copper, sealed off 
at the lower end, and had a slit in the side facing the surface of the sugar. The 
device was securely attached by means of screws to the outside trough. An 
autoclave was used as a .source of .steam, the outlet pipe being connected by a 
nipple and thick rubber tubing with a 10-in. su])erheater (or heating spiral such 
as used with an .\bbe refractometer ), which in turn was connected with rubber 
tubing to the device in the centrifugal through a hole in the cover, the latter being 
kept closed during the course of the experiment. Fig. 1 is a diagrammatic illus- 
tration of the ap])aratus u.scd. 

Confectioners’ crystals, which are large in size, were sterilized and coated 
with a blackstrap molasses which was heavily inoculated with micro-organisms 
such as Aspergillus Sydowi Rainier, Aspergillus uiger, Penieillium expansum, 
B.VHlgatiisA^. megatherium, B. mesentericusy and all the bacterial colonies de- 
veloping from 150 plates poured from Cuban raw sugar. A massecuite of me- 
dium density was prepared and the centrifugal steamed out after receiving a 
swabbing with alcohol containing carbolic acid. 

* The Journal of Industrial and Knjfiiieeriiig Uheinistry, September, 1920. 

t lx>itisiana Sugar Experiment Station, New Orleans, La. 

1 Kopeloflf and Kopeloflf, Louisiana Experiment Station, Bulletin 166 (1919). 

2 Louisiana Experiment Station, Bulletin 170 (1920), 

3J. Soc. Chem. Ind., 17 (1898), page 555. 
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The procedure was then as follows : The autoclave was run up to 22 lbs. 
pressure or a temperature of 263° F. The massecuite was heated to 104° F. 
(40° C.) for about 10 min., and poured into the centrifugal basket until it formed 
a layer three- fourths of an inch deep. The superheater was started with a Bunsen 
burner (asbestos being used to protect the rubber tubing) to get it well heated 
before the steam was added, then the centrifugal was put in operation (attaining 
a maximum of 3000 r. p. m.) and the steam turned on for 3 min. 

Upon stopping the steam and centrifugal the temperature of the sugar was 
155° F. (68° C.). Naturally, the sugar cooled very rapidly and doubtless the 
heat attained while the superheated steam was being applied was considerably in 
excess of this figure. The sugar was washed as white if not whiter than with a 
jet of water such as is ordinarily used. Samples of the sugar and the molasses 
coming from it were taken in sterile containers for bacteriological analysis. 

The same procedure was repeated with a 1.5 in. layer of massecuite pre- 
viously heated to 136° F. (58° C. for about 5 min. and at about 122° F. (50° C.) 



and outside of basket; d — basket; e — jacket. 

for 10 min. more. In this case the steam treatment was interrupted owing to 
a bend in the tubing wiiich blew off one of the connections. At the end of the 
treatment the temperature of the sugar was 158° F. (70° C.). 

The samples taken above were plated out in three dilutions on Kopeloflf’s 
agar,* incubated at 30° 'C., and read after 3 and 7 days. The data are presented 
in Table 1, in which are recorded the clo.sely agreeing averages of quadruplicate 
determinations of each of the three dilutions. 


TABLE 1.— EFFECT OF SUPERHEATED STEAM IN THE CENTRIFUGAL ON 
NUMBER OF MICRO-ORGANISMS IN SUGAR. 


Treatment 

Bacteria 
per Gram 

] 

Molds 
per Gram 

Per Cent 

Bacteria 

Reductions 

Molds 

Untreated, 40" C 

1,500,000 

550 


.... 

Steamed 

8,000 

10 

99.47 

98.28 

Molasses 

2.35,000 

275 

84.34 

50.00 

Untreated, 58" C 

200,000 

110 

.... 

.... 

Steamed t 

a 

14,000 

10 

93.00 

90.91 


* Loc. cit. 

t Steam treatment interrupted. 
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It will readily be seen that in the first instance the untreated massecuite had 
1,300,000 bacteria, and 530 molds per gram, while the treatment with superheated 
steam resulted in reducing the content to 8(X)0 bacteria and 10 molds ])er gram, a 
diminution of £9.47 per cent of the bacteria and 98.28 per cent of the molds, 
resi)ectively. 

This means an efficiency in the decimation of the micro-organisms which is 
remarkable and the significance of which will be discussed in detail presently. 

I'he molasses from this sugar had 233,000 bacteria and 275 molds per gram, 
a reduction in 84.34 per cent of the bacteria and 30 per cent of the molds. 

1'his is again ])roof of the sterilizing effect of snperheate<l steam, .since it 
may be inferred that the heal attained for the short time necessary to wash the 
molasses fnnn the sugar was sufficient to kill more llian three-fourths of the l)ac- 
Icria and one-half the molds. Furthermore, this is of jjractical value from the 
stand])oint of the kee])ing quality of the molasses. W’e have previously referred 
to the unsanitary c{)nditions under which most molasses is kept, frequently in 
tanks literally co\ere(! widi a mat of mold mycelium. It is logical to su])])ose that 
where the original ma-s infection may ])e so materially reduced, the keeping 
(|ualil\' of such a product may be greatly enhanced. Moreover, we have here an 
advantageous subslitine for wash water which is frequently of questionable 
character and often responsible for a heavy inoculation wi:h micro-organisms. 

Moreover, these data indicate that by far the larger proportion of micro- 
organi^ms contained in the massecuite lea\e the centrifugal in the wash. There- 
fore, when it i> the practice to separate the molasses and the wash, a less con- 
taminated mo\'i>se> procured with undoubtedly improved keeping quality. 

In this connection a digressi(»n may be permitted, which may be worthy of 
trial: namelw where molas>es is not fermented am' it is desired to keej) it for 
some lime, we would suggest the use of a thin layer of oil on the surface. This 
wotdd ])re\eni a nn>s infection at that vulnerable i;oim and could be easily re- 
mo\ed. 1'he oil in tins way need not affect either ti'.e quality, odor, or taste of 
the m(>las.st.x. ( )n ih.e other hand, where mold growllt already coxers tlic surface 
i: might he adxisalde to s])rax wilit toluene, which is cheap enough to be econom- 
ical. germicidal emmgh to kill tlie molds, and vokitile enough to be removed 
witliin a few days by e\|)osnre to ih.e air. Since tlie ])re'''siire of time does not 
j'ermit of the oppcnaunily of ('exelojung these suggestions in the sugar mill, they 
are advanced for wliat they may be worth. 

Jveturning to the latter half of '['able I, it will be seen Tnat where the masse- 
ettite was heated to 122 F. ( ,3() C. ) the untreaied sample contains only about 
one-eighth the number of bacteria and one-fifth the number of molds present in 
the massecuite heatctl to 101 (4t) C. ). This means that a ])artial stcriliza- 

tton has already been effected. The treatment with superheated steam was in 
terr(i])ted and the final results show that 93 per cent of the 1)acteria and 91 per 
cent of the moUks were eliminated. It was to be expected that these figures 
wouid he somewhat helow those olaaincil in the first instance, since the partial 
s:erdization referrec' to probably eliminated the least resistant organisms and left 
a Ik ra relatively more resi.stant than the one originally present. The inlerruj)- 
tion of the steam treatment must have been responsible for some loss in efficiency. 
Irinally, the difference may be ascribed to the fact that the layer of sugar in this 
instance was twice as thick as that ti.sed in the first instanc'e. It is to l>e expected 
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that four important factors would be operating in such an expeTinltot, viz., tem- 
perature of steam, duration of application, thickness of layer gf^jn^ecuite, and 
speed of centrifugal. 

From the data set forth it is evident that the use of superheaWHJam under 
the conditions of the experiment was instrumental in almost entireiyifcliminating 
the micro-organkms present, the important consideration being that this was 
accomplished without increasing the moisture content of the sugar perceptibly, 
as in washing with water. As a matter of fact, under mill conditions it might 
be anticipated that even better results might be obtained where higher tempera- 
tures might be so readily available. The procedure has the merits of — 

( 1 ) Simplicity in construction and operation. 

(2) Economy in equipment, installation, and operation. 

(3) Efficiency under all conditions. 

(4) Yielding a cleaner wash. 

In working out a chart for predicting the keeping quality of sugar it wa*. 
shown that two factors, moisture ratio and degree of infection,^ operated simul- 
taneously. It is obvious, therefore, that such a striking reduction in mass infec- 
tion can be effected by the use of superheated steam in the centrifrfgals that the 
keeping quality may be greatly enhanced even where the moisture is somevH^ 
more than it should be. For example, a sugar having a moisture ratio of O.OS’ 
will deteriorate when 10,000 to 100,000 mold spores per gram are present. A 
reduction of 98 per cent, however, bringing the content down to about 1000 
spores per gram, would make this sugar safe even though the moisture ratio 
increased to as much as 0.14 to 0.16. 

Thus it may be said that in the investigations on sugar deterioration carried 
forward in this laboratory, the study of the micro-organisms and their activities, 
which made possible the prediction of the keeping quality of sugars, has found 
its logical completion in the development of an adequate means for eliminating 
the micro-organisms and consequently preventing sugar deterioration. How- 
ever, it must be emphasized again that the sugar must be properly handled under 
sanitary conditions with a minimum possibility of absorbing moisture in order to 
ensure its safe keeping, since, under optimum conditions, the micro-organisms 
soon propagate rapidly enough to become detrimental. 

Summary. 

1. A simple, economical, and efficient method has been developed for em- 
ploying superheated steam in laboratory centrifugals. 

2. By means of this treatment the bacterial content of sugar has been re- 
duced 93 to 99.5 per cent, and the number of mold .spores has been reduced 92 
to 98 per cent. The micro-organisms in molasses are reduced similarly to a 
lesser extent. 

3. This ’elimination of micro-organisms improves the keeping quality of 
the sugar as well as the molasses. 

4. With superheated steam treatment, the practice of separating molasses 
and wash results in a considerable reduction of micro-organisms in molasses, 
with consequent improvement in its keeping quality. 

" [W. R. M.] 


1 Loe. cit. 
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